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PREFACE © 


This book covers the gamut of treatment for injuries and dis- 
orders of the upper extremity from the shoulder to fingertips. 
It is organized both by level and by anatomie structure. For 
example, when one is treating an injury of the wrist, repair 
or reconstruction of each individual component is compre- 
hensively covered, starting with bone, joint, and ligament to 
nerve, tendon, and soft tissue. For those injuries which are 
nonreconstructible each section is foliowed by a chapter on 
suitable salvage procedures. In this manner the book offers 
a one-stop comprehensive guide for the treatment of each 
segment of the upper extremity. 

This book is intended to serve as a user s manual for both 
the entry-level upper extremity surgeon as well as the expe- 
rienced operator. The methodology and the practical aspects 
of each procedure are stressed along with myriad pearls and 
tips, oftentimes from the originators of the technique. 


I am indebted to the contributors without whom this 
book would not exist and I am indebted to each and every 
one of the authors for ail of their efforts and personal sacri¬ 
fice that they hâve expended to educate their peers. I am also 
indebted to Brain Belval, senior editor of clinical medicine 
at McGraw-Hill, for allowing me to move forward with this 
project as well as Christie Naglieri, the senior project devel¬ 
opment editor, who worked tirelessly to chase down ail of 
the manuscript files and put this project together. It was a 
real joy working with many of the pioneers and innovators 
in upper extremity surgery and I hope the reader expériences 
the same. 

David /. Slutsky MD. 
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Metacarpal and Phalangeal 
Shaft Fractures 

Lindley B. Wall, MD 
Peter J. Stem, MD 



BACKGROUND 

Metacarpal and phalangeal fractures are common. 1 While 
most of these fractures can be treated nonoperatively, there 
has been a recent trend toward operative fixation because 
of improved implant design, fixation techniques, implant 
materials, ease of fluoroscopie imaging, and postoperative 
réhabilitation. 2 Surgical intervention also allows for early 
mobilization that may minimize stiffness and hence acceler- 
ate a return to full function. 


METACARPAL SHAFT FRACTURES 

Metacarpal shaft fractures commonly occur from a fall or 
direct blow to the hand. They most frequently occur in males 
between the âges of 10 and 40years, and border digits are the 
most commonly involved. 

Patients présent with painful and restricted motion and 
havedifficultymaking afist. There is dorsal swelling, ecchymo- 
sis, and tenderness over the fractured metacarpal(s). A dorsal 
prominence, particularly with displaced shaft fractures, may 
also be appreciated. Digit rotation should also be assessed by 
the following techniques: digital scissoring on synchronous 
active digital flexion, visualization of fingernail orientation, or 
the tenodesis effect with wrist flexion and extension. 

Ail patients suspected of having a metacarpal fracture 
should undergo a radiographie assessment. The recommended 
views include a posterior-anterior, latéral, and an oblique 
view of the hand. A Brewerton view, which is an anterior-to- 
posterior view with the metacarpophalangeal (MCP) joints 
flexed to 60°, can be obtained to assess if there is any metacar¬ 
pal head involvement. CT examination is usually unnecessary. 

Indications 

There are multiple indications for the operative treatment 
of shaft fractures. Open fractures and those with rotational 


deformity (digital overlap or scissoring) are clear indica¬ 
tions. Strauch et al 3 showed that metacarpal shortening cré¬ 
âtes an extensor lag, and for every 2 mm of shortening, there 
is a 7° lag. Thus, it is generally accepted that greater than 
5 mm of shortening may resuit in a noticeable extensor lag 
and operative fixation is indicated. Transverse metacarpal 
shaft fractures generally deform with an apex dorsal angula¬ 
tion. The amount of acceptable angulation is greater in t he 
ring and small fingers due to the greater degree of compen- 
satory motion at their carpometacarpal (CMC) joints. The 
reported cutoff for acceptable angulation is 10° in the index 
and middle metacarpal, 20° to 30° in the ring, and 30° to 40° 
in the small metacarpal. 4,5 Pseudoclawing (MCP hyperex¬ 
tension and proximal interphalangeal [PIP] joint flexion on 
active finger extension) can also occur with shaft fractures 
and is a relative indication for fixation in selected patients. 
Classically, it has been taught that multiple shaft fractures 
are a surgical indication, yet the amount of displacement and 
instability of the fractures should be assessed before immédi¬ 
ate fixation. 

Most periarticular fractures involving the MP joint 
require internai fixation. These are more difflcult to treat 
due to the smaller fracture fragments and risk of articular 
impingement with an implant. 

Contraindications 

Unstable soft tissue coverage and active infection are contra¬ 
indications to internai fixation and favor temporary external 
fixation. 

Nonoperative Treatment 

CLOSED REDUCTION AND CASTING 

Ail isolated shaft fractures should be considered for closed 
réduction and casting. If an acceptable réduction is obtained 
and can be maintained by a cast, this is the treatment of 
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choice. Tavassoli et al 6 showed that the type of cast and 
position of the digits were not critical for maintenance of 
réduction or range of motion or grip strength. However, 
classical teaching dictâtes immobilization in the intrinsic 
plus position (MCP joints at 70° flexion and PIP joint exten¬ 
sion) to minimize the risk of an MCP joint contracture due 
to shortening of the collateral ligaments. We continue cast 
immobilization for 3 to 4 weeks, and then place the patients 
hand in a removable splint for an additional 2 weeks while 
initiating active range of motion. 

To obtain a réduction, the Jahss maneuver can be utilized 
to reduce the apex dorsal deformity. 7 This involves flexing 
the MCP joint and the PIP joint to 90°, and using the proxi¬ 
mal phalanx as a réduction tool applying a dorsally directed 
force onto the distal fracture fragment of the metacarpal 
while simultaneously exerting downward pressure on the 
proximal segment of the fractured metacarpal. 


Surgical Treatment 

When closed réduction and immobilization are inadéquate 
for fracture stabilization, operative intervention should be 
implemented. 

There are many methods of fracture fixation. The most 
appropriate fixation technique is dépendent primarily on the 
fracture pattern, which includes transverse, oblique, spiral, 
and comminuted fractures. 

There are several advantages to Kirschner wire (K-wire) 
fixation. They are readily available, inexpensive, and ver¬ 
satile. They are easy to insert with a simple power driver, 
and there is minimal soft tissue disruption especially when 
they are placed percutaneously. Disadvantages include the 
fact that K-wires are less rigid than screw or plate fixation, 
they may loosen with time, and they may also distract the 
fracture site during placement. Early mobilization may be 
difficult with pins placed percutaneously as they can inter¬ 
fère with splinting and therapy. Lastly, and most impor- 
tantly, they place the patient at risk of pin tract infections 
(Fig. 1-1). Botte et al reported an 18% complication rate in 
their sériés. 8 



FIGURE 1-1 Pin site infection. 


CLOSED REDUCTION AND PINNING 

Fractures that can be reduced by closed methods, but are 
unstable and not amenable to casting alone, can be treated 
with supplémentai percutaneous K-wire fixation. The size of 
the K-wire is dépendent on the size of the metacarpal, ranging 
from 0.7 to 1.6 mm. While the Jahss maneuver can be utilized 
for réduction prior to pin fixation, another réduction tool is a 
pointed tenaculum that can be used to manipulate the ends of 
the fractured metacarpal prior to K-wire placement. 

The K-wires can be placed in many different configu¬ 
rations including multiple transmetacarpal wires (at least 
2 wires above the fracture and 1 below) into the adjacent 
metacarpal (Fig. 1-2), Crossing pins (Fig. 1-3), and stacked 
intramedullary wires (Fig. 1-4). While transverse cross-pins 
assist with rotational control and shortening, cross-pins are 
not favored for transverse fractures because the fracture can 
potentially be distracted. Also, transverse pins can contrib- 
ute to interosseous adhesions because they pass through the 
intermetacarpal space. 

K-wires can also be used for intramedullary fixa¬ 
tion. Of note, there are also small intramedullary rods 
designed specifically for metacarpal fractures. This type 
of fixation can consist of 1 single, large K-wire (1.6 mm) 
or Steinmann pin placed down the shaft of the metacar¬ 
pal (Fig. 1-4) or multiple stacked intramedullary K-wires 
as in the bouquet technique (Fig. 1-5). Intramedullary 
fixation is not recommended for oblique fractures or for 
comminuted fractures because it cannot control fracture 
shortening, but is ideally suited for transverse fractures 
because it can maintain the metacarpal length. However, 
it still can be difficult to maintain rotational control. This 
can be addressed using multiple prebent intramedul¬ 
lary K-wires, which assist in rotational control through 
3-point fixation. Disadvantages include pin migration and 
fracture distraction. 



FIGURE 1-2 Transversing K-wires. 
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OPEN REDUCTION 

Some metacarpal shaft fractures cannot be reduced with 
closed methods and open réduction is necessary. Many 
times this is the resuit of interposed soft tissues. Metacarpal 
shaft fractures are exposed through a dorsal longitudinal 



adjacent to a fractured metacarpal (to minimize adhesions 
between the skin and underlying bone). If ail 4 metacar- 
pals are fractured, the incisions should be placed between 
the index and middle metacarpals and ring and small 
metacarpals. 

Periarticular fractures can be stabilized with low-profile 
locking plates or the older minicondylar blade plates. 
Metacarpal base fractures can be treated with temporary 
joint spanning plate fixation or intramedullary fixation 
Crossing the CMC joint with small proximal fragments. 

Pinning and Intramedullary K-wire Fixation. K-wire fixa¬ 
tion and intramedullary fixation should still be considered 
following an open réduction. 

Cerclage Wiring. Cerclage fixation with 24-gauge wire can 
be used to supplément pin fixation and provide compression, 
especially for long oblique and spiral fractures. The addition 
of a cerclage wire in combination with K-wire stabilization 
greatly improves the fracture stability 9,10 and the incidence of 
fracture healing (Fig. 1-6). 

Screw Fixation. Screw fixation has both advantages and 
disadvantages. Screws provide an anatomie, stable construct 
that permits early mobilization. It also minimizes hardware 
prominence especially when compared with plate and screw 
constructs. Unfortunately this type of fixation is applicable 
for very spécifie fracture types and there is a low margin for 
error with réduction and fixation. 
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Screw fixation is idéal for long oblique or spiral fractures 
(Fig. 1-7). At least two 2.4 or 2.0 mm screws (4 cortices), and 
ideally 3, should be used. At a minimum, the fracture length 
must be equal to 2 diameters (preferably 3 diameters) of the 
metacarpal to prevent screw cutout. Screws placed at 90° 
to the fracture provide the most fracture site compression, 
whereas screws placed parallel to the metacarpal long axis 
are the most efficient at resisting shortening; hence, a com¬ 
bination of screws in different planes is used. The screws are 
countersunk to reduce the irritation and adhesions to exten- 
sor tendons. 



Plate and Screw Fixation. Plate and screw fixation can be 
used for the majority of fracture configurations. It is recom- 
mended to engage at least 6 cortices (ie, 3 bicortical screws) 
above and below the fracture for fixation (Fig. 1-8). The size 
of plate ranges from 2.0 to 2.7 mm depending on the size of 
the metacarpal. Both stainless Steel and titanium implants, 
with and without locking technology, are available. 

Plate fixation provides rigid fixation and maintains meta¬ 
carpal length. It can be used as a neutralization plate follow- 
ing an anatomie réduction and also for highly comminuted 
fractures in bridge plate fashion. The greatest advantage 
following plate fixation is the ability to start the patients on 
early wrist and finger mobilization, but lifting is restricted to 
a few pounds for the initial 4 to 6 weeks. 

Plate fixation has disadvantages. Extensive soft tissue 
stripping is required that can lead to adhesions and finger 
contractures. Plates are also higher profile than other types 
of fixation and can cause extensor tendon irritation or adhe¬ 
sions, which may require implant removal. Removal is not 
recommended before 6 months. 

External Fixation. External fixators can be used for commi¬ 
nuted fractures, open fractures, and infected fractures. They 
can be applied with minimal soft tissue disruption and mini¬ 
mal periosteal stripping, while preserving the metacarpal 
blood supply. Two bicortical pins are inserted proximal and 
distal to the fracture site. The disadvantages include the fact 
that the fixators are cumbersome and disliked by patients, 
there is a risk of pin tract infections, and the construct pro¬ 
vides flexible rather than rigid fixation. One advantage, how- 
ever, is that it can be removed in the office. 



FIGURE 1-7 Screw fixation. 


FIGURE 1-8 Plate and screw fixation. 
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Outcomes 

Al-Qattan reviewed the results in 36 patients with meta¬ 
carpal shaft fractures with a mean âge of 31 years (range, 
12-52 years) who were treated with interosseous loop wire 
fixation and immédiate postoperative mobilization. 11 There 
were 26 transverse and 10 oblique/spiral fractures treated 
with cerclage loop and a volar plaster splint for 3 weeks, 
while allowing immédiate finger motion. After a mean 
foliow-up of 8 weeks, 34/36 patients had regained full range 
of motion of the fingers, with a total arc of motion of 260°. n 
The 2 patients with less than normal motion, lacking 15° and 
10° total motion, were the 2 oldest patients in the sériés (âges 
52 and 53 years). Our preference is to use cerclage wires in 
addition to K-wire fixation as described by Greene et al. 12 
These authors reported the results of composite wiring in 
33 patients with 33 metacarpal fractures treated using vari- 
ous configurations of K-wire fixation and stainless Steel wire 
sutures, followed by active motion within 1 week of surgery. 
The patients achieved a final mean total active motion (TAM) 
of 256° (standard déviation 13.4) (normal TAM 260°). 

Acceptable outcomes can also be obtained in periarticu- 
lar fractures that are treated with stable fixation and early 
motion. Omakawa et al 13 reviewed 51 patients with peri- 
articular fractures with metaphyseal comminution and 
intra-articular split or dépréssion in 22 hands. The average 
âge was 38 years (range, 14-63), and the average follow-up 
was 1 year. The final range of TAM (%TAM) was excellent 
(85% of the uninjured hand) for 26, good (70%-84%) for 17, 
fair (50%-69%) for 5, and poor (49%) for 3. Postoperative 
complications occurred in 5 patients, including fracture 
redisplacement in 2, a collapse or absorption of the condylar 
head in 2, and superficial infection due to hardware exposure 
in 1. Plates were removed in 30 cases, and additional surgery 
was required in 20 cases. 

Zhang et al reviewed 265 patients with 302 MCP peri- 
articular fractures, with a mean âge of 32.5 years (range, 
17-59 years). 14 A “T”-shaped plate, double-row plate, or a 
condylar plate was used for A2, A3, Cl, and C2 type frac¬ 
tures. Screws alone were used for B type fractures. Active and 
passive flexion and extension exercises were begun at day 3 
post operation. At an average follow-up of 4.6 months (range, 
4-24 months) there were 113 excellent, 136 good, and 53 poor 
results using the TAM criteria. The average PROM of MP 
joint was 82.3° ± 4.7° and the average QuickDASH score 17.4. 

Intramedullary fixation also allows for good results, a low 
nonunion rate, 4 ’ 15 and good postoperative motion. 4 Kelsch 
and Ulrich analyzed the clinical results of 35 patients with 
fifth metacarpal neck fractures that had been treated with 
closed réduction and at least 2 intramedullary K-wires. At 
a médian follow-up of 1.1 years 34/35 patients achieved 
normal motion, with a 15° extension lag and malrotation in 
1 patient. 15 More recently, Orbay and Touhami reported on 
the results of 110 metacarpal fractures, a combination of neck 
and shaft fractures, treated with intramedullary fixation, 
using a custom-designed 1.1- or 1.6-mm flexible intramed¬ 
ullary nail (Hand Innovations, Miami, Florida), 34 locked 


and 76 nonlocked, which were inserted antegrade through 
a small stab incision in the metacarpal base, and removed 
after 4 to 6 weeks. At an average follow-up time of 18 weeks 
(range, 12-68 weeks) they reported a 100% union rate with a 
TAM of 239° in the nonlocked group and 244° in the locked 
group. There was hardware irritation in 4 patients, pénétra¬ 
tion of the MP joint in 3 patients, and 2 delayed unions. 4 

Our preference is to use the least invasive method of fixa¬ 
tion of metacarpal shaft fractures, thus limiting soft tissue 
disruption and periosteal stripping. 

Complications 

Plate fixation has a higher complication rate than other fixa¬ 
tion techniques. 16 However, this may b e because plate fixation 
is used in more complex fracture patterns, such as a commi- 
nuted fracture, where it is idéal of maintaining réduction and 
bone length. Fusetti et al reported complications in 28/157 
metacarpal fractures treated with plate fixation between 1993 
and 1999 with 1 or more complications including difficulty 
with fracture healing (12 patients), stiffness (8 patients), 
plate loosening or breakage (7 patients), complex régional 
pain syndrome (2 patients), and deep infection (1 patient). 
It must be acknowledged that older bulky implants contrib- 
uted to the poor outcomes. 16 Interestingly, when plate fixa¬ 
tion (14 patients) was compared with the Hand Innovations 
intramedullary nail by Ozer et al (38 patients) for both mid- 
shaft and distal third metacarpal fractures, it was found that 
there was no statistical différence between the final postop¬ 
erative TAM between the 2 groups. 17 Plate fixation did show 
an advantage over intramedullary fixation with regards to 
final displacement; there was postoperative displacement in 
5 patients in the IMN group, and no displacement with plate 
fixation. 


PHALANGEAL SHAFT FRACTURES 

Phalangeal shaft fractures présent with pain, swelling, and 
localized tenderness over the traumatized digit. Additionally, 
rotational or angular deformity and shortening may be 
présent. 

Radiographs should include 3 views: posteroanterior 
(PA), splay latéral, and 45° oblique views. 

Distal Phalanx Fractures 

Shaft fractures of the distal phalanx can be either transverse 
or longitudinal and are usually the resuit of a crushing injury. 
These fractures are usually stabilized by the surrounding soft 
tissues and simply require immobilization to heal. If the frac¬ 
tures are displaced, they may be treated with longitudinal 
percutaneous pin fixation. In the presence of an open frac¬ 
ture, a nail bed in jury is nearly always présent and must be 
repaired. 
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Middle and Proximal Phalanx Fractures 

Middle and proximal phalanx fractures can be transverse, 
spiral, oblique, or comminuted. Transverse fractures of the 
proximal phalanx usually angulate apex palmar secondary 
to pull the interossei on the proximal fragment (Fig. 1-9) 
and may also angulate in the coronal plane. Transverse 
fractures through the base of the proximal phalanx can be 
difficult to assess radiographically and multiple views may 
be necessary. Oblique and spiral fractures characteristically 
produce malrotation and may also angulate in the coronal 
plane. Comminuted fractures shorten and are usually quite 
unstable. 

CLOSED REDUCTION AND CASTING 

If there is no rotational deformity or shortening, these frac¬ 
tures can often be treated with closed réduction and immo- 
bilization with a cast or splint for 4 weeks in the intrinsic 
plus position. This is foliowed by a removable splint for an 
additional 2 weeks and protected finger motion. 

CLOSED REDUCTION AND PINNING 

Closed réduction and percutaneous pinning can be used to 
maintain the réduction of an unstable phalanx fracture that 
minimizes soft tissue disruption and stripping of the peri- 
osteum at the fracture site. Middle phalanx fractures can 
be reduced and held with percutaneously placed r eduction 


clamps or by manipulation of the fragments with the K-wire 
during fixation. Most middle phalanx fractures can be sta- 
bilized with 2 to 3 K-wires placed in a crossed pattern for 
trans verse fractures and placed perpendicular to the fracture 
plane for spiral and oblique fractures. 

Transverse proximal phalanx fractures are reduced by 
flexing both the MCP and PIP joints to 90°. This position 
allows for either antegrade or rétrogradé placement of the 
K-wires. When placing pins rétrogradé, the starting point is 
the retrocondylar fossa of the head of the proximal phalanx. 
For more proximal shaft fractures, antegrade fixation can be 
utilized. One method of antegrade pinning is 2 cross-pins 
with a starting point on either side of the base of the proxi¬ 
mal phalanx (Fig. 1 -10). The other method is a transarticular 
approach; the MCP joint is flexed and a K-wire is placed cen- 
trally into the metacarpal head through the joint and down 
the shaft of the proximal phalanx (Fig. 1-11). Pins should be 
removed at 3 to 4 weeks. Then the digit should be protected 
for an additional 2 to 3 weeks with buddy taping while the 
fracture consolidâtes, but range of motion is initiated to min- 
imize stiffness. Both percutaneous transarticular and cross- 
pinning are reasonable choices for transverse metaphyseal 
fractures; unfortunately, both can produce complications, 
especially stiffness. 18 

OPEN REDUCTION 

When closed methods are insufficient to obtain fracture 
réduction, it may be necessary to perform an open réduction 



FIGURE 1-9 Proximal phalanx base fracture with angulation. 
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FIGURE 1-10 Proximal phalanx base fracture fixation with cross 
K-wires. 


with internai fixation. Similar to metacarpal shaft fractures, 
many fixation methods can be utilized, including K-wire, 
cerclage wires, screw fixation, plate and screw constructs, 
and external fixation. The advantages and disadvantages 
for these fixation techniques are the same as described with 
metacarpal shaft fixation. 



FIGURE 1-11 Proximal phalanx base fracture fixation with transar- 
ticular K-wires. 


There are 2 surgical approaches for the treatment of these 
fractures: a dorsal and a midaxial incision. A dorsal exten- 
sor splitting approach can be utilized for proximal phalanx 
fixation, with care to maintain integrity of the central slip of 
the dorsal apparatus. It has been argued that this can cause 
increased scarring of the dorsal apparatus. For middle pha¬ 
lanx fractures, when a dorsal approach is made, the trans¬ 
verse retinacular ligament is divided longitudinally at its 
insertion into the extensor mechanism, and the tendon can 
be retracted either radially or ulnarly. A midaxial approach 
can also be used for both phalanges. With this approach, it is 
recommended to excise the latéral band on the side of expo- 
sure to improve the visualization and prevent postoperative 
scarring. 

Most phalanx fractures can be treated with K-wire 
fixation that can be used for majority of fracture patterns. 
K-wires can be placed in a crossed configuration for trans¬ 
verse fractures, in parallel for long oblique or spiral fractures, 
or intramedullary for transverse or short oblique fractures 
(Fig. 1-12). Unfortunately K-wires do not provide rigid fixa¬ 
tion and must be supplemented with a splint or cast. This can 
contribute to tendon scarring and stiffness. The addition of 
cerclage wiring with pin fixation increases the strength of the 
construct. This method is recommended for transverse frac¬ 
tures and in digital replantation. 9 ’ 10 Cerclage wires are also 
often used in isolation with replantation of the digits because 
of their low profile (Fig. 1-13). 

Screw fixation is idéal for unstable oblique or spiral frac¬ 
tures (Fig. 1-14). It Controls rotation and shortening and 
does not distract the fracture during insertion, as can hap- 
pen with crossed K-wire fixation oftransverse fractures. We 
recommend 2 to 3 screws (2.0 or 1.5 mm for the proximal 
phalanx and 1.5 or 1.3 mm for the middle phalanx). 

We use plate and screw fixation of phalanx fractures infre- 
quently. This construct provides stable anatomie fixation and 
allows early mobilization, but is fraught with complications, 
most notably stiffness and scarring. 19 We recommend latéral 
placement of a plate to minimize extensor tendon adhesions 



FIGURE 1-12 K-wire fixation of phalanx fractures. 
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and stiffness (Fig. 1-15). One biomechanical study suggests 
that latéral plate placement can resuit in less PIP joint con¬ 
tracture than dorsal application, but this has not been proven 
clinically. 20 

External fixation is indicated for highly unstable open 
fractures with a compromised soft tissue envelope and 
extreme comminution. 


FIGURE 1-15 Latéral plate placement for phalanx fracture. 


Complications 




FIGURE 1-14 Screwfixation of phalanx fracture. (Copyright David J. 
Slutsky, MD.) 


As with metacarpal shaft fractures, phalanx shaft fracture 
complications are noteworthy, the most common being stiff¬ 
ness, resulting from the injury itself, immobilization, and 
surgical intervention. Other complications include infec¬ 
tion, malrotation, angulation, shortening, nonunion, exten- 
sor mechanism failure, and flexor tendon adhesions. 

Outcomes 

Many reports hâve been published concerning the outcomes 
of phalanx fracture treatment. Treatment after closed réduc¬ 
tion and immobilization produces satisfactory functional 
results when mobilization was begun within the first 4 weeks, 
ranging 75% to 80% of a normal motion arc versus 66% 
when fracture immobilization was greater than 4 weeks. 21 To 
avoid stiffness following hand fractures, Borgeskov empha- 
sized early motion, which produced good functional results 
in 68% of 483 metacarpal and phalanx fractures. 22 

Closed réduction and percutaneous pin fixation is the 
mainstay of treatment and produces very good results. 
Belsky et al 23 reported on proximal phalanx fractures located 
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at different levels treated with percutaneous pin fixation 
and early range of motion of the PIP joint. They reported 
good to excellent results in 90% of the fractures. Green and 
Anderson 24 also reported good results after treatment of 
proximal phalanx fractures, achieving full range of motion 
in 18 of 22 patients with 26 oblique fractures. Cerclage wire 
stabilization can also produce satisfactory results. Pehlivan 
et al 25 treated 20 patients with unstable phalanx fractures and 
reported very good results, obtaining 92% range of motion in 
proximal phalanxes and 76% in middle. 

Screw fixation has been shown to produce good results 
for phalanx shaft fractures. Horton et al 26 compared screw 
fixation with closed pin fixation in proximal phalanx shaft 
fractures and found the techniques to produce équivalent 
outcomes. 

Lastly, plate and screw fixation has been shown to hâve a 
relatively high complication level by Page and Stern. 19 They 
reported considérable postoperative stiffness and a grave 
prognosis in patients with open fractures. More recently, 
they reviewed their expérience with 50 unstable proximal 
phalanx fractures, which were defined as angulation greater 
than 5° to 10° in the coronal plane and greater than 20° in the 
sagittal plane, that were treated with either c losed réduction 
and percutaneous transarticular pinning through the meta¬ 
carpal head (25 patients) or cross-pinning through the base 
of the proximal phalanx (25 patients). 18 The mean TAM for 
the transarticular group and cross-pinning group was 201 ° 
and 198°. The arc of MCP motion was 0° to 79° versus 3° to 
81°, PIP joint 11° to 83° versus 7° to 79°, and DIP joint 4° to 
54° versus 2° to 51°. Almost half of the patients in each group 
had a PIP flexion loss of more than 20° (average, 27°) and 
almost one third of patients in both groups had a fixed PIP 
flexion contracture of greater than 15°. There were more sec- 
ondary procedures in the transarticular group 6 than in the 
cross-pinning group. 2 There was, however, no statistical sig- 
nificance between groups in any of the outcome parameters 
used. Pun et al also had médiocre results, with 26% good, 
33% fair, and 41% poor results after treatment of unstable 
phalanx fractures with plate fixation. 27 It has been shown that 
poor outcomes resuit not only from the severity of the in jury 
but also from technical errors with application of these small 
plate constructs. 28,29 
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INTRODUCTION 

Fractures of the phalanges and metacarpals are very com- 
mon, accounting for approximately 10% of ail fractures over- 
all. Minimally or nondisplaced fractures with good clinical 
alignment are amenable to nonoperative treatment. However, 
unstable and/or displaced fractures require operative man¬ 
agement primarily because of the development of a malunion 
and its deleterious effects on hand function. Although there 
are several different periarticular fracture patterns in vol v- 
ing the metacarpals and phalanges, certain types are more 
commonly encountered than others (Fig. 2-1). Despite the 
treatment goal of restoring normal f inger and hand function, 
there is no consensus on the preferred operative approach 
for any particular in jury pattern. The technique selected is 
based on many factors including fracture pattern, location, 
associated soft tissue injury, closed versus open in jury, sur¬ 
geon expérience, and patient factors such as âge, occupation, 
medical comorbidities, and ability to comply with postop- 
erative réhabilitation. Economie factors hâve become more 
important with implant cost and reimbursement influencing 
implant sélection. The “optimal” fixation technique provides 
stable fixation with minimal soft tissue damage, scar forma¬ 
tion, and stiffness with early mobilization if feasible. 

INDICATIONS 

Operative treatment is recommended for an open or unac- 
ceptably angulated or inherently unstable fracture, or in 
those patients who hâve failed nonoperative treatment. 
Although the amount of acceptable angulation or displace¬ 
ment varies with the fracture pattern, clinical malrotation 
with finger overlap or divergence or a mechanical block to 
motion demands operative treatment. The idéal candidate 
is a healthy, compliant, and motivated individual with good 
bone quality and a stable soft tissue envelope. Although 
smoking is not a contraindication to surgery, and there is 
no good evidence that it is associated with a poor outcome 
foliowing operative management of an acute hand fracture, 


we always educate the patient as to its deleterious effects and 
encourage him or her to stop immediately. 1 Operative treat¬ 
ment may be performed on ail âge groups. Some fractures 
are more commonly encountered in certain populations such 
as the “boxers fracture” in the dominant hand of the young 
ill tempered male. Patients with preexisting joint stiffness 
or arthritis hâve a difficult time postoperatively recovering 
motion, thus compromising their eventual outcome. Open 
highly contaminated injuries require urgent operative treat¬ 
ment. Simple, low-energy open fractures may be treated with 
intravenous antibiotics and irrigation and debridement in 
the emergency room followed by delayed surgical treatment. 
Closed injuries are usually fixed within 7 to 10 days post 
in jury. Waiting more than 3 weeks before surgical treatment 
may make percutaneous techniques less feasible and open 
réduction more likely because of fracture healing. Prior to 
surgery, I inform the patient of the importance of limb éléva¬ 
tion to reduce edema, minimize scarring, and make palpa¬ 
tion of anatomie landmarks for percutaneous pinning easier. 
Preoperative use of a compression glove can also be helpful. 

CONTRAINDICATIONS 

An absolute contraindication to operative management of a 
periarticular fracture of the metacarpals and phalanges is a 
confirmed allergy to the selected implant, although this is 
extremely rare. Relative contraindications include an inability 
to comply with postoperative instructions and réhabilitation, 
an active wound infection, significant comorbidities with a 
high perioperative risk of serious complications, and poor 
bone quality, although the development of locking implants 
has proven bénéficiai in treating this subpopulation. 

SURGICAL TECHNIQUE 

Surgery is usually performed in the operating theater, 
although some fractures may be amenable to wrist block 
anesthésia and closed réduction and percutaneous pinning 
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FIGURE 2-1 Fracture of the small metacarpal neck (“boxers type”). 


(CRPP) in an office procedure suite if image intensifica¬ 
tion is available. The patient is positioned supine with the 
affected extremity placed on a radiolucent hand table. A pad- 
ded pneumatic brachial tourniquet is applied. Surgery may 
be performed under régional or general anesthésia. Practical 
tips include the following: a good assistant is invaluable; 
always use image intensification; the surgeon must be ver¬ 
satile and well versed in various percutaneous and open 
fixation techniques; hâve ail necessary implants available; 
an impervious drape can be helpful for removing other fin- 
gers from the operative field 2 (Fig. 2-2); for CRPP, I apply 



FIGURE 2-2 Ioban is placed around the uninvolved fingers during 
CRPP to improve visualization and efficiency. 



FIGURE 2-3 Réduction clamp with an attached drill guide. 


the K-wire manually under image intensification to find the 
correct starting position and then I insert it into the wire 
driver before pinning; I make a small stab incision and use 
a drill guide during pinning to protect adjacent structures if 
necessary; I bury ail K-wires beneath the skin to reduce the 
chance of infection; for CRPP, I use a réduction pin clamp 
(Fig. 2-3) that simultaneously stabilizes the reduced fracture 
while guiding wire insertion; if using intramedullary (IM) 
pinning/nailing, scrutinize the radiographs carefully for a 
narrow medullary canal/isthmus that may prohibit implant 
insertion; provisional fracture réduction is best achieved 
with a réduction clamp placed such that it does not subse- 
quently interfère with implant placement; external fixation 
isusefulfor temporary stabilization in complex comminuted 
contaminated wounds prior to definitive fixation and soft 
tissue management; I do not use bioabsorbable implants as 
they lose strength with time and resuit in an excessive inflam- 
matory response; locking low-profile plates are indicated for 
bone loss, comminution, and osteoporotic bone; always con- 
firm rotational alignment after CRPP or ORIF and compare 
with the opposite side if necessary; always confirm that there 
is no mechanical block or tendon impingement following 
implant insertion. 

Metacarpal Base 

Short oblique or transverse fractures of the central metacar¬ 
pal bases are best stabilized with low-profile dorsal plate and 
screw fixation and immédiate mobilization. A dorsal longi¬ 
tudinal approach is used. For noncomminuted transverse 
fractures, anatomie réduction with compression plating and 
4 cortices of fixation in both the proximal and distal frag¬ 
ments is recommended. Fractures with metaphyseal com¬ 
minution or osteopenia require fixation with a locking plate 
and screw construct (Fig. 2-4). Short oblique fractures may 
be fixed with a lag screw combined with a dorsal neutraliza- 
tion plate. Base fractures involving the border metacarpals 
are amenable to CRPP. I typically use a minimum of two 
0.045 smooth K-wires. 
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FIGURE 2-4 ORIF o fa n unstable extra-articular fracture of the thumb 
metacarpal base. 


Metacarpal Neck 

Stabilization may be achieved with CRPP or ORIF. I prefer 
CRPP as ORIF is associated with capsular scarring, exten- 
sor tendon adhesions, and stiffness. Precontoured locking 
low-profile plates hâve been designed for use with small fin- 
ger metacarpal neck fractures (“boxers fracture”) (Fig. 2-5). 
ORIF with interfragmentary screws alone may also be used 
(Fig. 2-6). However, the indications and benefits compared 
with CRPP hâve not been clearly defined. There are several 
methods for achieving CRPP of a metacarpal neck fracture. 
I use collateral recess pinning for central metacarpal neck 
fractures and for border fractures with a narrow medullary 
canal where bouquet pinning cannot be achieved. 3 Regardless 
of the technique chosen, a satisfactory closed réduction must 
be achievable. For metacarpal recess pinning, a 0.045 smooth 
K-wire is inserted by hand onto the radial or ulnar collat¬ 
eral recess as the metacarpophalangeal (MCP) joint is held 
in flexion. The starting position is more distal and volar than 
one thinks. Image intensification is used to confirm correct 
positioning during wire insertion. The fracture is held in a 
reduced position as the wire is advanced down the medul¬ 
lary cavity into the base. The second wire is similarly placed 
in the opposite recess. Bouquet pinning, or antegrade IM 
nailing, is particularly useful for index and small metacar¬ 
pal neck fractures (Fig. 2-7). A small longitudinal incision 
is made over the radial aspect of the index or ulnar aspect of 
the small metacarpal base. The entry site is at the metaphysis 
which is identified using fluoroscopy. The canal is entered 
with a 3 mm drill bit or small awl. A 0.045 K-wire is prepared 
by cutting off the sharp tip, bending the last 5 mm into a 



FIGURE 2-5 Small metacarpal neck fracture treated with ORIF using a 
precontoured locking plate ( Stryker, Kalamazoo, Michigan). 


gentle curve, and gently bending the wire along its length. 
The wire is inserted and advanced down the IM canal, with 
fluoroscopy assistance, and across the reduced fracture with 
a T-handle chuck or large needle holder. Additional 0.045 
and/or 0.035 wires are similarly inserted to achieve “fill” 



FIGURE 2-6 ORIF of a small metacarpal neck fracture using interfrag¬ 
mentary screws. 
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FIGURE 2-7 A. Anteroposterior (AP) view of a displaced small meta- 
carpal neck fracture treated with IM nailing. B. Latéral view. 


of the canal and purchase in the subchondral bone of the 
metacarpal head. Choose appropriately-sized wires to per¬ 
mit insertion of a minimum of 2 wires for rotational con- 
trol. The proximal ends of the wires are then bent, eut, and 
rotated away ffom the adjacent tendons and dorsal sensory 
nerve branches. Alternatively, a commercial System can 
be used that provides an awl with a preloaded IM “nail” 
(DePuySynthes, Warsaw, Indiana). Other CRPP techniques 
for border metacarpal neck fractures include parallel trans¬ 
verse pinning into the adjacent metacarpal or a combina¬ 
tion of a longitudinal collateral ligament recess pin with a 


transverse pin. Regardless of the technique used, careful 
examination must be performed foliowing fixation to con- 
firm an acceptable réduction and avoid malrotation. 

Proximal Phalanx Base 

The decision to proceed with CRPP or ORIF is based on the 
ability to obtain an intraoperative satisfactory closed réduc¬ 
tion. ORIF is reserved for irreducible fractures or those 
fractures that cannot be satisfactorily reduced by closed 
methods. ORIF is associated with implant prominence, 
extensor tendon adhesions, scarring, and loss of motion. For 
these reasons, I prefer CRPP whenever possible. ORIF can be 
accomplished with dorsal or midaxial plate and screw fixa¬ 
tion, lag screw fixation alone (oblique fracture pattern), or 
interosseous wiring. I prefer the broad exposure afforded by 
a dorsal curvilinear incision. The proximal phalanx can be 
approached midaxially or dorsally. The approach is deter- 
mined by the fracture location. The dorsal approach is better 
suited for proximal fractures and the midaxial approach is 
preferred for more distal fractures. If a midaxial approach 
is used, a portion of the latéral band is excised and the 
extensor digitorum communis (EDC) tendon is reflected. 
Alternatively, the tendon is split at the midline followed by 
extraperiosteal dissection and réfection. Metaphyseal trans¬ 
verse, short oblique, and comminuted fractures are stabilized 
with a low-profile dorsal T plate or 2 smaller plates placed 
orthogonally (Fig. 2-8). For dorsal or orthogonal plates, 
avoid placing too long of a screw with subséquent irritation 
of the flexor tendons. If rigid fixation is achieved, immédi¬ 
ate mobilization is essential to minimize scarring. CRPP is 
idéal for transverse metaphyseal fractures. 4 There are 2 pos¬ 
sible techniques: transarticular (across the MCP joint) and 
extra-articular cross-pinning. For the transarticular tech¬ 
nique, a closed réduction is achieved with the MCP joints 
in flexion as 2 smooth 0.045 K-wires are inserted through 



FIGURE 2-8 Unstable multiple proximal phalanx fractures following 
a crush in jury. The fractures could not be satisfactorily reduced and 
stabilized with CRPP. Low-profile plates were placed dorsally. 
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the metacarpal head into the proximal phalanx distally. The 
extra-articular technique involves the same closed réduction 
method followed by manual wire placement on either side of 
the MCP head, thus avoiding the extensor apparatus, into the 
proximal phalanx condyle followed by power-assisted inser¬ 
tion to achieve Crossing distal to the fracture site. Distraction 
of the fracture should be avoided. If CRPP is used for a short 
oblique fracture, percutaneous placement of 1 or more small 
réduction clamps to stabilize the fracture is advisable. For 
CRPP of ail phalangeal fractures, I use the midaxial line as 
a guide and apply my clamp dorsal to it because the phalanx 
itself lies predominantly dorsally. Image intensification is 
always used and fixation is only accomplished after a satis- 
factory réduction is confirmed. 

Proximal Phalanx Neck 

I prefer CRPP with crossed K-wires inserted in rétrogradé 
fashion for very distal neck fractures. Usually 0.045 K-wires 
are used, although 0.035 wires may be necessary for the 
small finger. The bouquet technique is used for more proxi¬ 
mal metadiaphyseal fractures and involves the “stacking” of 
several K-wires inserted in a proximal to distal (antegrade) 
direction into the subchondral bone of the phalangeal head. 
ORIF is associated with extensor tendon adhesions and stiff- 
ness. If performed, a low-profile plate is used and can be 
placed dorsally or midaxially. If the plate is placed dorsally, 
avoid overly long screws distally that may occlude the ret- 
rocondylar recess and limit proximal interphalangeal joint 
(PIPJ) flexion. Because of the metaphyseal flare, contour- 
ing of a standard straight plate for midaxial placement can 
be challenging. Alternatively, a blade plate can be used, but 
correct positioning and insertion is technically challenging. 

Middle Phalanx Base 

CRPP is used for transverse or short oblique fractures. 
Antegrade crossed K-wire fixation is used for transverse 
fractures, whereas oblique fractures are reduced and sta- 
bilized with a réduction clamp followed by insertion of a 
minimum of 2 K-wires across the fracture site through the 
opposite cortex. ORIF is rarely used and is limited by the 
central slip that should not be detached. If plate and screw 
fixation are necessary, the plate may be placed directly on top 
of the central slip attachment or midaxially. 

Middle Phalanx Neck 

The techniques used for neck fractures of the proximal 
phalanx may be applied to the middle phalanx. CRPP 
using rétrogradé crossed K-wires or longitudinal IM 
wires inserted through the distal phalanx and across the 
distal interphalangeal joint (DIPJ) is preferred to ORIF 
(Fig. 2-9). If ORIF is used, the EDC terminal slip must be 
preserved (Fig. 2-10). 


Potential Pitfalls 

Several potential pitfalls can be encountered with opéra¬ 
tive management of periarticular metacarpal or phalangeal 
fractures. Regardless of the fixation technique used, the 
surgeon must recognize and avoid malalignment, particu- 
larly malrotation associated with displaced unstable and/or 
comminuted fractures. After fixation I routinely assess clini- 
cal alignment by passively flexing and extending the wrist 
and observing the normal finger cascade and alignment 
(Fig. 2-11). Multiple attempts at wire insertion during CRPP 
should be avoided as it compromises wirepurchase and can 
lead to loosening, wire migration, infection, and/or loss of 
réduction. This is particularly important in patients with 
poor-quality bone. Wires should be placed manually followed 
by power-assisted insertion and avoidance of in jury to the 
adjacent tendons and neurovascular structures. Réduction 
clamps should be placed carefully to avoid impeding subsé¬ 
quent wire insertion. Careful attention should be paid to the 
diameter of the IM canal, particularly the isthmus if CRPP 
or bouquet pinning is used. Surprisingly, the ring metacarpal 
shaft is often the narrowest of ail of the metacarpals. We rou¬ 
tinely leave K-wires below the skin as we believe this reduces 
the chances of a pin tract infection. Postoperative réhabilita¬ 
tion under the supervision of a hand therapist is extremely 
important. Emphasis should be on immédiate limb élévation 
and edema control. The decision to begin immédiate versus 
delayed motion and what joints are mobilized is dépendent 
on patient factors, particularly compliance, a nd the quality of 
fixation as determined by the surgeon intraoperatively. 

COMPLICATIONS 

The most common complication overall is loss of motion. 
Careful soft tissue handling, use of low-profile implants, 
early mobilization, and élimination of edema are important 
to optimize patient outcome. Immobilization of phalangeal 
fractures beyond 3 weeks should be avoided. 5 Malunion is 
relatively common and is usually the resuit of an inadéquate 
closed réduction, loss of fixation, or poor surgical technique. 
Accurate assessment of alignment intraoperatively is criti- 
cal and should be routinely performed in the management 
of ail hand fractures. Delayed union can occur in patients 
with an infection or such comorbidities as peripheral vascu- 
lar disease, immunosuppression, diabètes, and/or smoking. 
Fortunately, nonunion is rare and is usually also encoun¬ 
tered in the aforementioned patient population. Treatment 
involves révision surgery, consisting of ORIF with autog- 
enous bone grafting. Infection can occur foliowing an open 
fracture or with exposed K-wires. K-wires left above the skin 
should be cleaned regularly. We prefer twice-a-day diligent 
cleaning with a hydrogen peroxide-soaked cotton-tipped 
applicator. If a pin tract infection occurs, antibiotics are 
required; loose pins should be removed and any deep infec¬ 
tion such as osteomyelitis or pyathrosis should be treated 
with wound exploration, debridement, and antibiotics. Cold 
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FIGURE 2-9 Latéral (A) and oblique (B) and AP (C) views of a dis- 
placed fracture of the middle phalanx neck treated with closed réduc¬ 
tion and IM nailing with a longitudinal K-wire (D and E). 



intolérance or pain associated with a retained implant is 
very common in our expérience. Some patients are helped 
with implant removal after radiographie evidence of healing. 
Posttraumatic refracture can also occur foliowing K-wire 
removal. Complex régional pain syndrome (CRPS) is a con¬ 
dition with a characteristic constellation of complaints and 
clinical findings. A high index of suspicion with early réc¬ 
ognition and initiation of appropriate treatment is essential. 

OUTCOMES 

There is no technique that has been proven to be superior 
for the fixation of periarticular fractures of the metacarpals 
and phalanges. For extra-articular metacarpal fractures, 


Ozer et al demonstrated no différences in the clinical out- 
come between IM nailing and dorsal plating. 6 Although 
operative time was shorter with IM nailing, the incidences of 
loss of réduction, wire pénétration into the MCP joint, and 
secondary surgery for hardware removal were higher. 

For fractures of the small MCP neck, Wong et al demon¬ 
strated that there was no différence in pain, total active range 
of motion (TAM), or grip strength when transverse pin- 
ning was compared with IM nailing. 7 In a prospective ran- 
domized trial Winter et al noted a better outcome in t hose 
patients who underwent antegrade bouquet pinning versus 
transverse pinning. 8 Schadel-Hopfner et al demonstrated 
better clinical results following antegrade IM nailing com¬ 
pared with rétrogradé crossed pinning, although there was 
no différence in the DASH score. 9 Sletten et al assessed the 
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results of transverse or IM nailing in patients with an isolated 
fracture of the ring or small metacarpal neck or shaft. 10 They 
noted no différence in outcome between the 2 techniques. 
However, therewas an 18% incidence ofsuperficialpin infec¬ 
tion, ail with transverse pinning with the wires left exposed, 
leading them to recommend leaving ail K-wires beneath 
the skin. In addition, 16% of patients had impaired sensa¬ 
tion at the pin site entrance, 29% of patients complained of 
cold intolérance, and 10% had other complications including 
2 patients with posttraumatic refracture of the same meta¬ 
carpal within 2 months postoperatively following bouquet 
pinning and 3 patients with a fracture of the small metacar¬ 
pal through one of the pinholes following trans verse pinning 
of a ring metacarpal fracture. 



FIGURE 2-11 Malrotation following CRPP of a long metacarpal neck 
fracture requiring révision surgery. 


Percutaneous Fixation of proximal phalanx fractures 
has been associated with satisfactory clinical results. Joshi 
reported a 90% satisfaction rate in 53 patients with 62 proxi¬ 
mal phalanx fractures treated with closed réduction and 
extra-articular percutaneous pinning. 11 Green and Anderson 
retrospectively assessed 26 fractures in 21 patients treated 
with the same technique. 12 Ail but 3 of the 21 patients 
regained full motion. Belsky et al reported their expérience 
with closed réduction and transarticular percutaneous pin¬ 
ning in 100 proximal phalangeal fractures. 13 Approximately 
90% achieved excellent or good results, with 61% achieving 
a TAM of 215° or more. Hornbach and Cohen also reported 
excellent results using transarticular pinning. 14 In a rétro¬ 
spective review of 12 cases, they noted an average TAM of 
265° with 1 PIP joint flexion contracture and 1 rotational 
deformity. Complications and unsatisfactory outcomes are 
well recognized with both pinning techniques. Elmaraghy 
et al reported the results in 24 patients with 35 fractures who 
underwent transarticular pinning. 15 One-third of the fingers 
developed a PIP joint flexion contracture that averaged 18°. 
Secondary procedures were performed in 6 patients. A loss 
of réduction with rotational deformity occurred in 4 fingers 
and 1 developed a nonunion. Recently Faruqui et al retro¬ 
spectively assessed the complications and outcomes for both 
pinning techniques in a sériés of 50 patients. 16 There were 
no statistically significant différences between the groups 
for any of the outcome parameters. However, an alarming 
overall complication rate was noted in both groups: 56% in 
the transarticular group and 48% in the cross-pinning group. 
Approximately half of the patients in each group had a PIP 
joint flexion loss greater than 20° (average, 27°). Nearly 
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one-third of patients in both groups had a fixed PIP joint 
flexion contracture greater than 15°. There were more sec- 
ondary procedures required in the transarticular group than 
in the cross-pinning group. 
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INTRODUCTION 

Traumatic dislocations of small joints of the thumb and fin¬ 
gers are rare but challenging injuries. Early récognition of 
these injuries, prompt joint réduction, and maintenance of 
articular congruency are important goals needed to mini- 
mize shear forces on the affected articular cartilage and sub¬ 
séquent posttraumatic arthritis. This chapter will outline the 
anatomy, general considérations, treatment, and outcomes of 
pure ligamentous dislocations of the small joints involving 
the hand. 

CARPOMETACARPAL (CMC) JOINT 
Finger CMC Joint 

ANATOMY 

The index and long finger metacarpals form the central por¬ 
tion of the transverse metacarpal arch and are stable, with 
less than 5° of motion. In contrast, on the ulnar portion of 
the arch, the fourth and fifth metacarpals demonstrate 15° of 
motion in the ring and up to 25° to 30° in the small finger. 1 
The mobility of the fourth and fifth rays, combined with 
that of the first ray, allows the transverse metacarpal arch to 
adapt as required to grip objects of different size. The strong 
dorsal, volar, and interosseous ligamentous support of these 
joints is reinforced by the broad insertions of the wrist flex- 
ors and extensors. The fifth CMC joint is also reinforced 
by the pisometacarpal ligament, an extension of the flexor 
carpi ulnaris insertion. The numerous periarticular soft tis- 
sue attachments at the CMC joint level explain why CMC 
fracture-dislocations are more common than pure ligamen¬ 
tous dislocations. 

GENERAL CONSIDERATIONS 

Dislocations of the finger CMC joints are usually high- 
energy injuries and therefore careful évaluation for other 
occult injuries is warranted (Fig. 3-1). The motor branch of 


the ulnar nerve lies below the fifth CMC and its function 
needs to be evaluated in either a volar or dorsal fifth CMC 
dislocation. Although volar dislocations hâve been reported, 
the overwhelming majority of these injuries are dorsal. The 
mechanism of in jury consists of a longitudinal force to the 
dorsal metacarpal heads causing simultaneous flexion and 
longitudinal compression. As the metacarpal head is forced 
volarly, the base is driven dorsally. 

The increased mobility on the ulnar aspect of the hand 
prédisposés it to a greater frequency of in jury, with the fifth 
CMC joint most commonly involved. Isolated dislocations 
or fracture-dislocations of the remaining CMC joints are 
less common. Making the diagnosis with PA and latéral 
plain radiographs can be difficult and may require addi- 
tional views, such as the 30° pronated oblique view, in which 
the fifth CMC joint is projected in profile to demonstrate 
displacement. On a PA radiograph in a noninjured hand, 
Hodgson and Shewring described drawing “metacarpal cas¬ 
cade lines” down the central axis of the finger metacarpals 
and noted they should converge on the radial shaft approxi- 
mately 2 cm proximal to the radiocarpal joint. In the setting 
of dislocation, the lines will instead diverge and this method 
was found to hâve 94% sensitivity in their sériés (Fig. 3-2). 2 
Clinically, CMC dislocations viewed down the axis of the 
hand will typically show a rotational and abducted diver¬ 
gence of the digit (Fig. 3-3). 

TREATMENT/SURGICAL TECHNIQUE 

The traditional treatment of acute injuries consists of c losed 
réduction and percutaneous Kirschner wire fixation (CRPP) 
and is usually successful if p erformed within 24 to 48 hours of 
in jury. Splint/cast immobilization for inherently stable inju¬ 
ries and open réduction internai fixation (ORIF) for irreduc- 
ible dislocations secondary to tendon interposition hâve been 
reported. Late-presenting injuries typically require ORIF 
or arthrodesis. Due to the posttraumatic arthritis changes 
within the fifth CMC joint, s orne recommend interposition 
arthroplasty to preserve s orne motion with modest results. 3 

The technique of CRPP involves restoration of anatomie 
length to the shortened and dislocated metacarpals through 
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the use of a local nerve block anesthésia, the combined 
application of longitudinal traction (weighted finger traps), 
and direct upward pressure on the metacarpal bases. After 
adéquate réduction, percutaneous fixation is achieved with a 
0.062 K-wire placed obliquely across the base of the metacar¬ 
pal into the carpus with a second K-wire placed transversely 
from the unstable metacarpals into the adjacent stable meta- 
carpals (Fig. 3-4). Placement of K-wires should err on the 
dorsal aspect of the joint, as pénétration of the volar cortex 
by 1.5 mm can injure the motor branch of the ulnar nerve. 
The pins should remain in place for 4 to 6 weeks with immé¬ 
diate MP and interphalangeal (IP) joint motion encouraged. 
Another technique described that is bénéficiai in cases with 
multiple CMC dislocations is rétrogradé intramedullary 



FIGURE 3-2 Radiographie convergence for normal CMC joints. 


metacarpal K-wire placement across a reduced CMC joint. 4 
In this technique the MP joint is held in 60° of flexion, which 
draws the sagittal band distal to the metacarpal head placing 
the collateral ligaments under tension. The Kirschner wire is 
then introduced into the radial or ulnar collateral recess to 
avoid penetrating the extensor tendon. Open réduction tech¬ 
niques are the same as those for CRPP with the open portion 
of the procedure being used strictly for réduction purposes. 

OUTCOMES/COMPLICATIONS 

Frick et al 5 performed a rétrospective study of 100 CMC dis¬ 
locations. The most common mechanism was due to a punch 
(56%). In half the cases, lésions were located only within the 
flfth ray. Carpal or metacarpal fractures were associated in 
88%. Sixty were treated with closed réduction and percuta¬ 
neous pinning, and 40 by open réduction and internai fixa¬ 
tion. At a mean follow-up of 5 months 68 joints remained 
reduced radiographically. Unsatisfactory réductions were 
mainly associated with closed réduction and percutaneous 
pinning, prompting the authors to recommend open treat- 
ment routinely. At the final follow-up, 81% of the patients 
were pain-free and had recovered complété range of motion. 
In 16% of patients, pain was only présent during gripping. 

Thumb CMC Joint 

ANATOMY 

The articular surfaces of the TMC joint resemble 2 recipro- 
cally opposed saddles whose transverse axes are perpendicu- 
lar. The concavoconvex joint geometry produces a minimal 
level of inhérent stability, with the joint capsule and ligamen- 
tous structures producing the primary stability. The keys to 
TMC function and stability are the beak of the thumb meta¬ 
carpal, the recess in the trapezium (adjacent to the volar beak 
ligament) into which the volar beak inserts, and the dorsal 
ligament complex. 6 These anatomie keys permit screw-home 
torque rotation in the final phase of opposition, creating sta¬ 
bility for pinch and grasping activities. 
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FIGURE 3-4 CMC dislocations reduced and pinned. (Copyright Gregory A. Merrell, MD, 2012.) 
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The critical ligamentous structure stabilizing the TMC 
joint has been debated. Originally, the volar beak ligament 
(also known as the anterior oblique ligament or palmar beak 
ligament) was attributed as the most important structure. 7 
It arises from the volar beak of the thumb metacarpal and 
has its insertion on the trapezium. Subséquent cadaveric 
and clinical studies hâve refuted this theory and shown it to 
be lax during the screw-home torque phase of opposition. 
The dorsal ligament complex, composed of the dorsal radial 
ligament and the posterior oblique ligaments, is the largest, 
thickest, and strongest ligament stabilizing the TMC joint in 
power pinch and grasp. 8,9 The ligament complex arises from 
the tubercle of the trapezium and inserts onto the radial 
aspect of the thumb metacarpal base near the insertion site 
of the abductor pollicis longus (APL) tendon. Cadaveric 
and biomechanical studies hâve shown that loss of ligament 
integrity produces gross instability at the TMC joint. 

GENERAL CONSIDERATIONS 

Similar to the finger CMC joints, pure traumatic dislocations 
of the trapeziometacarpal joint are rare when compared with 
fracture-dislocations. Ail reported trapeziometacarpal dislo¬ 
cations hâve been dorsal. The mechanism of in jury is thought 
to occur through axial loading of a flexed thumb metacarpal, 
which drives the metacarpal base in a dorsal direction. In 
the pure dislocation of the TMC joint the critically important 
dorsal ligament necessarily ruptures and must be treated. 
The diagnosis is confirmed by observing joint space widen- 
ing or dorsoradial shifting of the metacarpal using standard 
posteroanterior and true latéral radiographs. This imaging is 
also important to rule out a Bennett fracture-dislocation as 
well as existing pathological changes within the TMC joint. 

TREATMENT/SURGICAL TECHNIQUE 

Treatment options vary from closed réduction and thumb 
spica cast immobilization to open réduction and dorsal 
ligament repair or reconstruction. Controversy exists as to 
the best treatment algorithm. Patients with acute posttrau- 
matic pain in the TMC joint without gross instability or 
radiographie subluxation can be considered to hâve partial 
ligament tears and be treated with long opponens splint, 
thumb spica splint, or cast immobilization for a minimum of 
6 weeks. The thumb should be positioned in palmar abduc¬ 
tion and extension with the thumb unable to oppose the 
surrounding digits to minimize axial compression on the 
first ray. Documented dislocations with adéquate réduction 
may also be treated with immobilization and close follow- 
up. Closed réduction and percutaneous 0.045-in Kirschner 
wire fixation is typically required in reducible dislocations 
to provide sufficient stability for ligament healing. One to 
2 percutaneous wires are used: 1 driven in a rétrogradé direc¬ 
tion obliquely across the TMC joint with the metacarpal held 
in palmar abduction and extension and a second across the 
first metacarpal base into the index metacarpal, if needed. 
With continued instability or incongruity after closed joint 


réduction, open réduction and ligamentous repair versus 
reconstruction is indicated. 

Open réduction of the thumb CMC joint begins with 
exposure of the joint through a modified Wagner approach 
with care taken to protect the volar branch of the superficial 
radial artery, palmar cutaneous branch of the médian nerve, 
and branches of the latéral antebrachial cutaneous and super¬ 
ficial radial nerves. The thenar musculature is then elevated 
subperiosteally, exposing the underlying volar radial capsule. 
The joint is then reduced and any interposed tissue extri- 
cated. At this point, the decision between repair and recon¬ 
struction must be undertaken. Open repair of the critical 
dorsal ligament complex occur s after réduction of the volar 
thumb metacarpal beak into the trapezial recess in full pas¬ 
sive screw-home torque opposition and transfixation of the 
thumb metacarpal shaft to the index metacarpal shaft with a 
0.045-in K-wire. At this point, repair through bone tunnels or 
suture anchors can be undertaken. 10 If the in jury is diagnosed 
late or that of the dorsal ligamentous complex is irréparable, 
then reconstruction is recommended. Reconstruction tech¬ 
niques typically involve using a portion of the flexor carpi 
radialis (FCR) tendon as a reinforcement weave. The TMC 
tenodesis described by Eaton and Littler 7 is performed by 
creating a bone tunnel in the base of the thumb metacarpal 
in a sagittal plane perpendicular to the thumbnail. The radial 
half of the FCR is harvested beginning 6 to 8 cm proximal to 
its insertion site on the index metacarpal and the transected 
proximal end is passed through the thumb metacarpal bone 
tunnel in the volar base of the metacarpal to emerge dor- 
sally. With the metacarpal held reduced with Kirschner wire 
fixation as above, the tendon is sutured to the dorsal perios- 
teum to set the construct tension. The remaining tendon is 
placed deep to the APL tendon and around or through the 
remaining intact FCR tendon and finally reflected radially 
to be sutured to a remnant of the joint capsule or to the APL 
insertion. Immobilization and Kirschner wire fixation are 
continued for 4 weeks, after which time gentle progressive 
motion is started. 

OUTCOMES 

Both nonsurgical and percutaneous techniques hâve shown 
acceptable results in the literature as long as réduction is 
maintained. 11-14 Other authors hâve recommended dorsal 
ligament complex repair 9 or reconstruction, 15 stating that 
additional ligament treatment is required in these inju¬ 
ries for good outcomes. Simonian and Trumble 15 treated 
8 patients with an average âge of 25 years (range, 18-36 years) 
(group A) with a closed réduction and pinning. The aver¬ 
age follow-up period was 49 months (range, 25-74 months). 
Four patients were noted to hâve récurrent subluxation, 
based on findings on nonstress radiographs with 3 of these 
requiring a révision using an FCR tendon weave recon¬ 
struction. One patient required a TMC fusion for OA. Nine 
patients (group B) underwent early ligamentous reconstruc¬ 
tion. The average follow-up period was 49 months (range, 
25-74 months). Eight patients reported no pain while 
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working, and 1 patient complained of occasional discom- 
fort. The functional variables affected most in both groups 
were thumb abduction, which was decreased by 10%, and 
pinch strength, which was decreased by 13%, in group B, as 
compared with 20% and 19%, respectively, for the patients in 
group A. Radiographically, the joint space was slightly nar- 
rowed (Eaton stage II) in 3 cases in group B; however, these 
were asymptomatic. In group A, 5 patients demonstrated 
degenerative changes of the CMC joint (3 Eaton stage II, 
2 stage III), and 3 patients were symptomatic after treatment. 

METACARPOPHALANGEAL (MCP) 
JOINT 

Finger MCP Joint 

ANATOMY 

Traumatic dislocations of the MCP joint are relatively rare 
secondary to the inhérent joint stability from intrinsic liga- 
mentous structures, the supporting flexor and extensor ten¬ 
don Systems, and their relatively protected position at the 
base of the fingers. The metacarpal head is asymmetric in the 
coronal and sagittal planes with the head narrowed dorsally 
and the ulnar aspect of articular surface hypoplastic com¬ 
pared with the radial side. Therefore, the MP joints are most 
vulnérable to dorsal and ulnarly directed forces and are more 
stable in flexion than extension secondary to the cam effect 
created by the nonspherical metacarpal head shape. The 
joint capsule extends from the metacarpal neck to the base 
of the proximal phalanx and is reinforced dorsally by the 
loose insertion of the common extensor tendon, volarly by 
the volar plate, and on the sides by the collateral ligaments. 

GENERAL CONSIDERATIONS 

MCP joint dislocations can be classified as simple or complex 
or by the direction of displacement. Simple dislocations refer 
to joint subluxations where the volar plate is draped over 
the metacarpal head, présent with a locked hyperextension 
posture of 60° to 80°, and can be easily reducible without 
open surgical procedures. Radiographie évaluation confirms 
the dorsal subluxation of the proximal phalanx with finger 
hyperextension. In contrast, complex dislocations are con- 
sidered complété and imply the need for open réduction 
secondary to volar plate interposition within the joint or a 
buttonholed metacarpal head through the palmar structures 
(Fig. 3-5). 16 The clinical présentation reveals an MCP joint 
held in slight hyperextension with the digit deviated toward 
its adjacent central digit (Fig. 3-6). Palmarly, the skin may be 
puckered with a prominent metacarpal head and dorsally, a 
defect can be palpated. Radiographs may reveal joint space 
widening or associated fractures of the metacarpal head. 

Dorsal dislocations are more common than volar dis¬ 
locations. The index finger is most frequently involved, 
followed by the thumb and small finger, with central digit 


Natatory ligament Metacarpal head 



Superficial transverse Flexor digitorum Lumbrical 
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FIGURE 3-5 Buttonholing of metacarpal head in dorsal MP dislocation. 



FIGURE 3-6 A. A 1-year-old MP joint dislocation. B. AP x-ray. 
(Copyright David J. Slutsky, MD, 2012.) 
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dislocations rarely occurring in isolation without concomi¬ 
tant dislocation of a border digit. The mechanism of in jury 
typically involves a fall onto an outstretched hand causing 
forced hyperextension of the MCP joint. Volar dislocations, 
exceedingly uncommon, can occur through a hyperflexion 
or hyperextension mechanism, and are usually complex in 
nature. Interposition of dorsal capsule, distal volar plate, col¬ 
lateral ligament, and junctura tendinum in a border digit 
hâve been implicated in irreducibility. 17-19 

TREATMENT/SURGICAL TECHNIQUE 

The réduction maneuvers used when dealing with dorsal 
MCP dislocations are extremely important. Simple disloca¬ 
tions in which either hyperextension or traction manipulation 
is employed can transform a simple lésion to a complex one by 
drawing the volar plate into the joint and blocking a successful 
closed réduction. Proper technique entails flexion of the wrist 
to relax the flexor tendons while applying a distal and volarly 
directed force onto the proximal phalanx base. This allows the 
proximal phalanx and the attached volar plate to slide volarly 
over the metacarpal head. Dorsal simple dislocations are typi¬ 
cally stable after closed réduction and early range of motion 
is encouraged with the use of dorsal extension-blocking splint 
use to prevent MCP joint hyperextension. Volar dislocation 
réduction maneuver is similar, except the MCP joint is flexed 
with gentle pressure applied to the volar surface of the proxi¬ 
mal phalanx as it is brought into extension. 

Complex dorsal dislocations and irreducible volar dis¬ 
locations can be approached dorsally, volarly, or in combi¬ 
nation. The dorsal approach, popularized by Becton et al, 20 
describes a straight longitudinal split through skin, exten- 
sor mechanism, and joint capsule to access the joint and 
extricate the interposed volar plate. A freer elevator can be 
inserted pushing the volar plate out of the way and gently 
levering the réduction into position. Proponents note easier 
access to the interposed volar plate, the ability to treat associ- 
ated metacarpal head fractures, and a decreased risk of neu- 
rovascular in jury. In contrast, a volar approach described by 
Kaplan 16 involves exposure through an oblique palmar inci¬ 
sion overlying the involved metacarpal head. A modifica¬ 
tion by McLaughlin 18 involved an extension of the incision 
into the finger through a midlateral approach. Care must be 
taken during the skin incision because the metacarpal head is 
displaced directly beneath the subcutaneous tissues and the 
neurovascular bundles may be tented over the metacarpal 
and are at risk of in jury. Despite this risk, the volar approach 
provides excellent visualization of any entrapped structures 
and provides access to extricate and repair them accordingly. 
Réduction is also aided by release of the Al pulley, which 
relaxes the tension on the flexor tendon unit that can entrap 
the metacarpal head like a noose. Release of the natatory lig¬ 
ament, superficial transverse metacarpal ligament, and volar 
plate may also be needed. Post réduction, the involved joint 
is immobilized in approximately 30° of flexion for 2 weeks, 
after which time active ROM is started with use of a 10° dor¬ 
sal extension-blocking splint for an additional 4 weeks. 


OUTCOMES/COMPLICATIONS 

There hâve not been any recent sériés on outcomes after 
MCP dislocation and the majority of literature consists 
of small case sériés that focus on surgical approaches and 
mechanism of injury. However, with concentric réduction 
obtained, patients can expect to regain the majority of their 
preinjury ROM with in 4 to 6 weeks. 21 Timely open treat- 
ment of irreducible MCP dislocations is an important factor 
in obtaining a successful outcome. Joint stiffness is the pri- 
mary complication seen after this type of in jury secondary 
to prolonged immobilization, late réduction, or severe adja¬ 
cent soft tissue injury. Failure of diagnosis with prolonged 
dislocation and repeated attempts at closed réduction or 
traumatic open réduction may also lead to early degenera- 
tive arthritic changes with in the MCP joint or osteonecrosis 
of the metacarpal head. As stated above, digital neurovascu¬ 
lar bundle in jury secondary to its superficial tenting over the 
displaced metacarpal head can lead to division during volar 
surgical exposure. Prématuré physeal closure has also been 
reported in the pédiatrie population. 

Thumb MCP Joint 

ANATOMY 

The thumb MCP joint is similar anatomically to that of the 
Angers. However, the shape of the articular surface differs in 
that it is more hinge-like than multiaxial, with a primary arc 
of motion in the flexion/extension plane. The surrounding 
ligamentous, capsular, intrinsic musculature, and extrinsic 
tendon structures help to stabilize the joint, which has little 
intrinsic stability due to a relatively large radius of curvature 
of the proximal phalanx base. The radius of curvature of 
the metacarpal head itself, however, is highly variable and 
because of this the thumb MP joint has the most variation in 
range of motion of any joint in the human body. 22 

GENERAL CONSIDERATIONS 

The thumb MCP joint is second only to the index finger in 
frequency of dislocation of MCP joints. Most dislocations are 
dorsal with a hyperextension mechanism of in jury (Fig. 3-7), 
which leads to volar plate, capsule, and variable collateral 
ligament ruptures. Réduction is mechanically blocked most 
commonly by the volar plate, but can also be limited by 
the flexor pollicis longus (FPL) tendon. Similar to the fin¬ 
ger MCP joint, a noose-like phenomenon may occur with 
the ulnarly displaced FPL and the radially displaced thenar 
intrinsic tendons, which along with possible interposition of 
the thumb sesamoids may lead to a complex, irreducible dis¬ 
location. Volar dislocations, in contrast, are uncommon and 
hâve a higher likelihood of requiring open réduction. Tissue 
interposition in a volar dislocation usually consists of dorsal 
capsule, volar plate, or incarcerated extensor tendons. 23-25 

Thumb MP joint dorsal dislocations are usually easy to 
diagnose secondary to the gross deformity that they cause. 
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The proximal phalanx is hyperextended and the metacar- 
pal adducted. Radiographie examination may show phalanx 
hyperextension, but also may showbayonet apposition of the 
phalanx to the metacarpal. Dorsal subluxation of the thumb 
MP joint can also occur, which présents with a less severe 
hyperextension deformity or a “locked” joint that is unable 
to flex. This entity is thought to be secondary to entrapment 
of the radial condyle of the metacarpal through the radial 
aspect of the volar plate. 

TREATMENT/SURGICAL TECHNIQUE 

The closed réduction maneuver described above for finger 
MCP joints can also be used to treat thumb MCP joint dislo¬ 
cations with an increased likelihood of success. Again, simple 
longitudinal traction maneuvers should be avoided and the 
metacarpal should be placed in a flexed and adducted posi¬ 
tion to relax the volar “noose” around the metacarpal head, 
with digital pressure on the base of the phalanx and slight 
hyperextension to slide it over the metacarpal head. The 
digit is immobilized in a dorsal extension-blocking splint in 
10° more than the point of instability and extended 10° per 
week. Post réduction, it is also important to détermine if any 
associated collateral ligament in jury is présent as this would 
necessitate longer immobilization. In dorsal subluxations, 
closed réduction can be attempted with local joint insufflation 
and a volar-directed, twisting force on the proximal phalanx 
on the metacarpal head. Volar dislocations are reduced in a 
similar manner to dorsal dislocations with joint hyperflexion 
and manual dorsal direct pressure placed on the volar base of 
the proximal phalanx. There is a higher risk of associated col¬ 
lateral ligament injury in volar dislocations and may require 
prolonged immobilization. Signs of irreducibility in volar 
dislocations hâve been found to be lack of a palpable EPL in 
initial examination, radial or ulnar displacement of the EPL or 
EPB, interposed sesamoids on x-ray, or paradoxical MCP joint 
flexion and IP extension with attempted MCP extension. 26 

If open réduction is required secondary to interposed pal- 
mar structures, dorsal, volar, and latéral approaches hâve been 


described. In an acute in jury, a limited dorsal incision can be 
used to insert a freer elevator into the joint to assist with extri- 
cation of interposed soft tissue structures over the metacarpal 
head and réduction. A chevron volar approach may be neces- 
sary to extricate incarcerated structures as these injuries can be 
surprisingly récalcitrant to a simple réduction. Supplémentai 
Kirschner wire fixation may be used as indicated. 

OUTCOMES/COMPLICATIONS 

Patients should be advised they will likely hâve a stable joint 
after closed or open réduction. Collateral ligament injury 
may require prolonged immobilization and may lead to 
joint stiffness. Due to the requirement of joint stability at the 
thumb MP joint, it is important to immobilize these inju¬ 
ries properly to obtain stability even at the expense of range 
of motion. It is especially important to limit forceful joint 
extension while the volar plate is healing during the initial 
6 to 8 weeks post in jury. 

PROXIMAL INTERPHALANGEAL JOINT 

Anatomy 

The proximal interphalangeal (PIP) joint is a bicondylar 
joint that functions as a hinge. It confers stability from its 
congruous articular surface, proper and accessory collateral 
ligaments, and the volar plate. The stability provided by the 
osseous structures is easily appreciated when dealing with 
fracture-dislocations. The collateral ligaments arise from a 
concave fossa on the latéral aspect of the proximal phalanx 
condyles and pass obliquely and volarly to their insertions on 
the middle phalanx. The proper and accessory ligaments are 
anatomically confluent at their origin but insert at the base 
of the volar one-third of the middle phalanx and volar plate, 
respectively. The volar plate forms the floor of the joint and 
complétés a box-like configuration that strongly resists PIP 
displacement and provides excellent inhérent stability. 
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General Considérations 

PIP joint injuries are very common in the hand and produce 
a spectrum of severity ranging from a simple sprain to com- 
minuted fracture-dislocations. Determining the level of lig- 
amentous, osseous, and articular involvement is important 
and requires careful clinical and radiographie assessment. 
Whether dealing with an isolated joint dislocation or one 
involving an associated fracture, the main déterminant of 
treatment is the ability to achieve and maintain concentric 
réduction with active motion. However, it is important to 
keep in mind that the poor tolérance of the PIP joint to pro- 
longed immobilization requires a prompt diagnosis, rational 
treatment plan, and early active protected ROM. 

Clinically, functional stability can often be evaluated 
with a digital block and 2-phase active and passive stability 
testing. 27 Radiographically, posteroanterior and true latéral 
views of the digit itself must be obtained to adequately evalu- 
ate the joint surface for articular in jury and congruency. 
Subtle residual subluxation or incongruency can be identi- 
fied by looking for the “V” sign (Fig. 3-8). 

The PIP joint can dislocate in 1 of 3 directions: dorsal, lat¬ 
éral, or volar. Dorsal dislocations are common and typically 
occur through a hyperextension mechanism combined with 
a degree of longitudinal compression. They présent either 
with a hyperextension deformity with the joint surfaces still 
touching or in bayonet apposition. A small avulsion fracture 
of the middle phalanx base is common with dorsal hyperex¬ 
tension dislocations and should not alter treatment. Latéral 
PIP dislocations occur frequently in the PIP joint and indi- 
cate rupture of 1 collateral ligament a ndatleast partial avul¬ 
sion of the volar plate from the middle phalanx. Ligamentous 
laxity >20° on full extension stress testing indicates complété 
proper and accessory collateral ligament disruption and at 
least 1 additional secondary stabilizer. 28 


Normal 


\ T 



Subluxated joint makes a prominent 
V shape on dorsal side of joint 

FIGURE 3-8 Subtle residual subluxation or incongruency can be 
identified by looking for the “V” sign. 


Volar dislocations, in contrast, are rare injuries and may 
involve pure translatory displacement (volar dislocation) 
or an associated rotatory component (volar rotatory sub¬ 
luxation). Distinguishing between these 2 entities is criti- 
cal. When a volar translatory dislocation occurs, t he central 
slip invariably ruptures with variable in jury to the collateral 
ligaments and volar plate (Fig. 3-9). In volar rotatory sublux¬ 
ation, as the middle phalanx displaces volarly, the involved 
condyle herniates through the extensor mechanism, usually 
between the central slip and ipsilateral latéral band, and can 
become entrapped. 

Treatment/Surgical Technique 

Dorsal dislocations are usually able to be successfully 
reduced closed with the use of digital block local anesthésia. 



FIGURE 3-9 A and B. Central slip in jury with volar PIP dislocation. 
(Copyright David J. Slutsky, MD, 2012.) 
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Irreducible dislocations secondary to interposed volar plate 
are quite rare. In hyperextension deformities, réduction con- 
sists of manual manipulation using a volar f lexion-directed 
force. Bayonet apposition requires an extension force applied 
to the middle phalanx, followed by a volar flexion force 
directing the phalanx base over the metacarpal head. Similar 
to the MCP joint dislocations, pure longitudinal traction 
réduction can lead to an irreducible dislocation and should 
be avoided. A stable joint after réduction should begin 
immédiate ROM with protective buddy taping. Residual 
instability can be treated with progressive extension block 
splinting starting at 10° more flexion than the point of insta¬ 
bility with a goal of discontinuing the splint within 3 weeks 
or with dorsal block pinning (Fig. 3-10). The requirement of 
flexion >30° to maintain réduction requires operative repair 
or dynamic skeletal traction (Fig. 3-11). 



FIGURE 3-10 A. Dorsal PIP dislocation, clinical appearance. B. Palmar 
David J. Slutsky, MD, 2012.) 


Latéral dislocations, with few exceptions, reduce sponta- 
neously or easily by closed means and will heal with con- 
trolled early motion and buddy-tape protection for 3 weeks. 
Volar dislocations are typically easily reduced under digital 
block anesthésia with a dorsal extension-directed force to 
translate the middle phalanx base over the proximal pha¬ 
lanx head. Volar rotatory dislocation treatment is controver- 
sial, with numerous authors advocating open réduction and 
extensor mechanism repair. 29,30 However, closed réduction 
should be attempted and open réduction performed only 
after failure of the former. The majority of volar rotatory 
dislocations can be reduced with gentle longitudinal trac¬ 
tion, flexion of the MP and PIP joints to relax the volarly 
displaced latéral band, and a rotatory motion to disengage 
the condyle from the latéral band. Postreduction full active 
extension is usually possible secondary to the contralatéral 
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FIGURE 3-11 A. Dorsal PIP dislocation. B. Reduced with dynamic 
digital traction. C. Clinical photograph. (Copyright David J. Slutsky, 
MD, 2012.) 


latéral band and a portion of the central slip remaining 
intact. Those volar rotatory dislocations that are unable to 
be reduced closed require open réduction through a dorsal 
incision on the side of ligamentous disruption under digital 
or wrist local anesthetic block. The entrapped latéral band is 
freed from the joint and réduction typically can then easily 
be performed. The latéral band can then be either repaired 


or excised depending on the degree of in jury. Stable joints in 
both volar dislocation scénarios, with active extension, can 
be immediately mobilized with buddy taping similar to their 
dorsal counterparts. If extension is unable to be maintained, 
the patient is treated similar to an acute boutonnière with 
full-time extension splinting for 6 weeks. 

Open treatment of dorsal and volar dislocations can 
typically be performed through a midaxial approach (or 
dual midaxial if needed) to extricate any interposed tissues 
impeding réduction. 

Vigilance by either the surgeon or an experienced thera- 
pist is required to treat any PIP dislocation with respect 
to contracture or partial central slip injury. Because digit 
comfort is often in a flexed position or treatment requires 
a period of flexion, missed central slip injuries or persistent 
contracture are common. Diligence in examination and vig- 
orous therapy can overcome these issues in most cases. 

Outcomes/Complications 

In pure ligamentous PIP joint dislocations, postinjury stiff- 
ness is the most common complication that occurs. Residual 
instability is quite rare in this situation, in stark contrast to 
this being the chief issue in fracture-dislocations. Patients 
should be counseled to expect a permanently enlarged joint 
and a prolonged recovery period (up to 18 months) of occa- 
sional pain and stiffness. Average arc of motion around 80° 
with 10° of extensor lag is common. 31 Residual stiffness and 
loss of motion not responsive to aggressive hand therapy and 
splinting would be a candidate for open joint capsulectomy 
and collateral ligament release. 

Arora et al 32 reviewed 50 patients who had sustained 
dorsal PIP joint dislocations who were randomized to cast 
immobilization (group A) versus dorsal block splinting and 
early motion (group B). In group A, 9 patients showed a nor¬ 
mal range of motion, whereas a limitation of extension of 10° 
or more was seen in 16 patients. Ail PIP joints were clinically 
stable. In group B, only 2 of 25 patients showed a limitation 
of extension of 10° or more, whereas 23 patients showed a 
normal range of motion. Instability of 1 collateral ligament 
was seen in 2 cases. 

DISTAL INTERPHALANGEAL JOINT 
Finger DIP and Thumb IP Joints 
ANATOMY 

The distal interphalangeal (DIP) and thumb IP joints, simi¬ 
lar to the PIP joint, are bicondylar and function as a hinge. 
They confer stability from their congruous articular surface, 
proper and accessory collateral ligaments, and the volar plate. 
Compared with its PIP joint counterpart, the DIP/IP joint 
has increased stability secondary to the shorter lever arm of 
the distal phalanx and adjacent insertions of the flexor digi- 
torum profundus and terminal extensor tendons. 
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GENERAL CONSIDERATIONS 

Dislocations of the finger DIP or thumb IP joints without 
tendon rupture are rare and typically occur dorsal or latéral. 
They are typically reducible. Inability to obtain réduction is 
thought to occur secondary to interposed volar plate, osteo- 
chondral fracture fragment, sesamoid bone, or the middle 
phalanx condyle buttonholing through the FDP, extensor 
tendon, or volar plate. 33-38 Volarly directed injuries are com- 
monly fracture-dislocations with associated fractures of 
the dorsal articular surface. Injuries involving these joints 
require a high level of suspicion for skin compromise and 
open traumatic volar transverse arthrotomy secondary to the 
tight surrounding skin envelope. 

TREATMENT/SURGICAL TECHNIQUE 

Most DIP or IP joint dislocations can be reduced in a closed 
fashion under digital block local anesthésia. Dorsal réduc¬ 
tion consists of longitudinal traction with a simultaneous 
volarly directed force and joint flexion. Stable réductions may 
begin immédiate ROM. The rare unstable dorsal dislocation 
should be immobilized for 2 to 3 weeks in a 20° extension- 
block splint or a percutaneous 0.035-in Kirschner wire used 
to stabilize the joint for 3 to 4 weeks. Latéral dislocations and 
dorsal dislocations with complété collateral ligament inju¬ 
ries, in addition, should be protected fFom latéral stress for 4 
to 6 weeks. Similarly, volar dislocations should be treated as 
mallet injuries with full-time extension splinting for a dura¬ 
tion of6 weeks ± percutaneous transarticular K-wire pinning. 

Open réduction of these injuries is typically needed in the 
above rare irreducible dislocations, open injuries, as well as 
in patients with delayed présentations (greater than 3 weeks). 
Exposure consists of a transverse dorsal incision at the level 
of the DIP joint crease with surgical removal of offending 
anatomie structures by placement of a freer elevator into the 
joint. Care must be taken to protect the terminal extensor 
tendon or extensor pollicis longus tendon. Evaluation for 
possible small osteochondral or chondral injury should also 
be performed at the time of réduction. 

OUTCOMES/COMPLICATIONS 

The most common complication that occurs after DIP or 
IP joint dislocations is stiffness. After open surgery, unique 
complications that occur include impaired wound healing 
and tip hypersensitivity. These hâve to do with disruption 
of the longitudinal venous channels supplying the narrow 
skin flap between the incision and the dorsal nail fold and 
damage to the accompanying distal branches of the dorsal 
digital nerves and subséquent small neuroma formations, 
respectively. 
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Small Joint Arthroscopy 

David J. Slutsky, MD 



METACARPOPHALANGEAL JOINT 
ARTHROSCOPY 

The metacarpophalangeal (MP) joint is ideally suited for 
arthroscopic évaluation. The MP joint represents a single 
compartment; the bony and tendinous landmarks are easy 
to identify and the neurovascular structures are remote from 
the portais; hence, there is a short learning curve. It is mostly 
used for synovectomy and loose body removal, but it has 
some applications following trauma as well. 


Indications 

INFLAMMATORY ARTHRITIS 

MP joint arthroscopy is useful in evaluating the status of the 
articular cartilage as well as synovial prolifération, especially 
in rheumatoid arthritis (Fig. 4-1). A synovial biopsy and syn¬ 
ovectomy can be perf ormed without the need f or arthrotomy. 
Sekiya et al 1 described their expérience with an arthroscopic 
synovectomy in 45 finger joints (18 MP joints, 26 proximal 
interphalangeal joints) and 1 interphalangeal thumb joint in 
23 rheumatoid patients using a 1.5-mm scope. They could 
not access the palmar recess, but there was resolution of the 
joint space swelling in the short term with no postoperative 
complications. 

ACUTE ULNAR COLLATERAL LIGAMENT IN JURY 
OF THE THUMB 

Although arthroscopic réduction of a complété ulnar col¬ 
lateral ligament (UCL) tear of the thumb MP joint was first 
described by Ryu and Fagan in 1995, 2 it has not achieved 
widespread use. They used MP arthroscopy to both identify 
and aid in reducing the Stener lésion by flipping the torn 
proximal UCL from its position dorsal to the adductor apo- 
neurosis back into the joint so that it could heal primarily 
with the distal torn end after thumb spica cast immobiliza- 
tion for 4 weeks. 


REDUCTION OF MP JOINT FRACTURES 

MP arthroscopy has applications in the treatment of some 
simple articular fractures of the metacarpal (MC) head and 
the proximal phalangeal base. The fracture fragments are 
directly visualized, reduced with a probe, and held with per- 
cutaneous pin fixation (Fig. 4-2A-D). 

POSTTRAUMATIC VOLAR PLATE ADHESIONS 

Choi et al described painful volar plate adhesions of the 
thumb MP joint in 15 patients, which were demonstrated by 
an intraoperative arthrogram. 3 Congruent joint flexion was 
accomplished after a synovectomy and release of the volar 
plate adhesions using a Freer elevator. 

REMOVAL OF LOOSE BODIES 

Loose bodies are commonly seen in patients with inflamma- 
tory arthritis or in cases with posttraumatic cartilage dam¬ 
age and can resuit in painful locking. The loose bodies are 
frequently lodged in the radial and ulnar synovial recesses. 

Contraindications 

Irreducible extensor tendon dislocation or subluxation is a 
relative contraindication due to the risk of tendon damage 
during portai placement. Similarly, an unstable joint or poor 
soft tissue coverage that precludes the use of finger trap trac¬ 
tion is a contraindication. 

Surgical Technique 

The patient is placed supine with the arm abducted on an arm 
board, under tourniquet control, using general or régional 
anesthésia. A stérile finger trap is applied to the finger or 
thumb and 10 lb of traction is applied using a traction tower 
or overhead traction. A dorsal radial and a dorsal ulnar por¬ 
tai are used. They are established on either side of the central 
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extensor tendon by first identifying the joint space with a 
22-gauge needle, foliowed by joint distension with saline and 
a superficial skin incision (Fig. 4-3). Fluoroscopy can aidthis 
step in difficult cases. Careful wound spread technique is 
used since there is no internervous plane. Tenotomy scissors 
are used to dissectthrough the sagittal band fibers and dorsal 
capsule between the extensor tendon and the collateral liga¬ 
ments, which arise from the palpable tubercles at the base 
of the proximal phalanx. A 1.9- or 2.7-mm 30° small joint 
arthroscope is then inserted in 1 portai and a 3-mm hook 
probe in the other portai, which are interchanged as neces- 
sary. A pressure bag is often neededfor fluid inflow through 
the arthroscope. The collateral ligaments can be visualized, 
running obliquely from the MC head to the base of the 
proximal phalanx (Fig. 4-4). The volar plate can be partially 
seen palmar to the MC head. The volar recess is hidden from 
FIGURE 4-1 Arthroscopic view of MP joint synovitis. view but can be reached with a probe or Freer elevator when 






FIGURE 4-2 A. Salter III fracture of the base of the thumb proximal 
phalanx. B. Arthroscopic view of the fracture line. C. Prepositioned 
K-wires. D. Anatomie réduction captured by advancing the K-wires. 
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FIGURE 4-3 Clinical photo of MP joint arthroscopy with the scope in 
the ulnar portai and probe in the radial portai. 


releasing adhesions between the volar plate and the MC head. 
The radial, ulnar, and dorsal synovial recesses can be visual- 
ized when searching for loose bodies or when performing a 
synovectomy. Small chondral defects can be drilled to stimu- 
late fibrocartilage formation. Following the procedure, the 
portais are sutured and a bulky dressing or splint is applied. 

Complications 

Since the joint capsule is relatively thin, the skin, neurovascu- 
lar bundles and tendons are especially at risk during thermal 
shrinkage. Choi et al reported 1 case of flexor pollicis longus 
rupture 3 weeks after thermal shrinkage of the volar plate. 3 
The risk can be minimized by maintaining an adéquate fluid 
inflow, short duration bursts, and use of the minimal wattage. 
Articular cartilage damage is also a risk due to the small joint 
volume; hence, instrumentation must be gentle. 



FIGURE 4-4 View of the ulnar collateral ligament (*). 


TRAPEZIOMETACARPAL 

ARTHROSCOPY 

Ligament Anatomy/Biomechanics 

Imaeda et al dissected the trapeziometacarpal (TM) joint of 
30 cadaver specimens and described the anatomy and prop- 
erties of 3 major ligaments. 4 Bettinger et al revisited this and 
further described 16 ligaments stabilizing the TM joint. 5 
Only those ligaments that can be seen from an arthroscopic 
perspective will be discussed. 

The anterior oblique ligament (AOL) is a 2-part ligament 
that consists of a superficial portion and an intra-articular 
deep portion (Fig. 4-5). The superficial anterior oblique 
ligament (sAOL) is a broad, loose, and curtain-like capsular 
ligament that is immediately deep to the thenar musculature, 
which overlies the volar aspect of the TM joint. The ligament 
originates 0.5 mm proximal to the articular surface at the 
volar tubercle of the trapezium and inserts broadly over the 
volar-ulnar tubercle of the thumb MC base, 2 mm distal to 
the volar styloid process. The s AOL is lax throughout most of 
the TM range of motion and becomes taut at the extremes 
of thumb pronation and extension. In a biomechanical study 
of 17 cadaver hands, Colman et al 6 found that the superficial 
portion of the ligament plays only a minor rôle in joint stabil- 
ity, does not prevent dorsal MC subluxation, and limits the 
joints motion only in pronation. 

The deep anterior oblique ligament (dAOL), formerly 
known as the volar beak ligament, is an intra-articular liga¬ 
ment that lies deep to the s AOL. It originates from the volar 
central apex of the trapezium, ulnar to the ulnar edge of the 
trapezial ridge, and inserts into the articular margin ulnar to 
the volar styloid process (volar beak) of the thumb MC base. 
The dAOL becomes taut with increasing thumb abduction, 



FIGURE 4-5 Superficial (sAOL) and deep (dAOL) anterior oblique 
ligament seen from the 1-U portai. MTC, metacarpal base. 
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pronation, and extension. Colman et al 6 found the intra- 
articular dAOL to be a major stabilizer of the joint. Since it 
is the closest ligament to the center of the joint, it acts as a 
pivot point to guide the MC during the pronation that occurs 
as a part of thumb opposition. Its intra-articular fibers run 
obliquely from distal ulnar to proximal radial; thus, this liga¬ 
ment is positioned to prevent an ulnar shift of the MC that 
would tighten the oblique fibers, whereas a radial shift would 
slacken them. The sulcus between the sAOL and dAOL can 
often be palpated with an arthroscopic probe. 

The UCL is an extracapsular ligament that is slightly ulnar 
to and superficial to the s AOL. It originates from the flexor 
retinaculum, and then runs obliquely from a palmar proxi¬ 
mal position and attaches to the palmar-ulnar tubercle of the 
first MC base. It is taut in extension, abduction, and prona¬ 
tion and also helps prevent volar subluxation of the MC base. 
Arthroscopically, it is identified by its oblique fibers running 
ulnar to the AOL. 

The dorsal aspect of the thumb is covered by 2 main liga¬ 
ments. The posterior oblique ligament (POL) is an intracap- 
sular ligament that originates from a fan-shaped base on the 
dorsoulnar side of the trapezium. It runs obliquely to insert 
into the dorsoulnar aspect and palmar-ulnar tubercle of the 
first MC base. This ligament is taut at the extremes of abduc¬ 
tion, opposition, and supination that prevents ulnar transla¬ 
tion of the thumb MC base during opposition and abduction. 

The dorsoradial ligament (DRL) is the shortest, thick- 
est, and widest ligament that spans the joint. The DRL is a 
fan-shaped capsular ligament, located immediately radial 
to the POL, that arises from the dorsoradial tubercle of the 
trapezium and has a broad insertion into the dorsal base of 
the thumb MC. It is believed to be the most important sta¬ 
bilizer that resists dorsal translation of the thumb MC base 
and is a checkrein against radial subluxation. In a biome- 
chanical study by Bettinger et al 7 the ultimate load to fail- 
ure of the DRL (205.5 ± 60.2 N) was significantly greater 
than the other ligaments, which they believed was due to 
the size and bulk of the ligament. The stiffness for the DRL 
(78.3 ±21.9 N/mm) was significantly higher than for the 
AOL (24.1 ± 13.3 N/mm) and therefore likely to be the most 
significant restraint to latéral dislocation. The AOL demon- 
strated the least stiffness and the greatest hystérésis and was 
thought to be a poor stabilizer of the TMC joint. A recent 
histochemical study by Hagert et al showed that the dorsal 
ligaments, including the DRC, DRL, and POL, had a statisti- 
cally significant greater degree of innervation than both the 
AOL and the UCL. 8 They believe that this is consistent with 
their rôle as primary stabilizers of the TM joint. 

Edmunds emphasizes the point that in the static resting 
position, the prominent volar beak of the thumb MC is dis- 
engaged from its recess in the trapezium, the TM joint space 
is relatively large, and both the volar beak ligament and the 
dorsal ligament complex are lax. In the final phase of opposi¬ 
tion during either active or passive screw home torque rota¬ 
tion, the dorsal ligament complex tightens, the volar beak 
ligament becomes even more lax and redundant, the TM 
joint is compressed, and the volar beak of the thumb MC is 


tightly compressed into its recess area in the trapezium. This 
dynamic force couple changes the TM joint from incongru- 
ity to congruity and from laxity to rigid stability. It changes a 
normally lax TM joint into a stable TM joint to support the 
powerful forces on the thumb in power pinch and grasp. 9 If 
the dorsal ligament complex is eut or torn (as occurs in a pure 
TM dislocation), gross instability of the TM joint results, and 
the joint dislocates, even if the volar beak ligament is intact. 

Ladd et al performed a recent comparative study of the 
arthroscopic and gross anatomy of the ligaments of the 
thumb CMC joint. 10 They found that the volar ligaments 
including the superficial and deep AOL ligaments and UCL 
varied in their location and caliber, whereas the dorsal liga¬ 
ments including the POL and DRL were highly consistent. 
They further subdivided the UCL into the UCL and dorsal 
trapeziometacarpal ligament (DTM-1). The UCL is a comple- 
mentary, volar counterpart of the DTM-1 that was previously 
misidentified as being the POL (Fig. 4-6). They found the 
DRL actually consisted of the dorsal radial ligament and the 
dorsal central ligament (DCL). The DCL is radial to the 1-U 
portai and lies deep to the extensor pollicis brevis (EPB). The 
DRL is radial to the DCL (Fig. 4-7). 

Trapeziometacarpal Joint Portais 

STANDARD PORTAIS 

Menon initially presented his work on arthroscopy of the TM 
joint as a meeting exhibit in 1994. 11 He then published his 
expérience with the arthroscopic management of TM arthri- 
tis in 1996. 12 He described 2 working portais, a volar portai 



FIGURE 4-6 View of the oblique fibers of the DTM- 1 ( *) looking ulnarly 
from the modified radial portai. MTC, metacarpal base; Tm, trapezium. 
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FIGURE 4-7 Diagram of the arthroscopic cross-sectional ligamentous anatomy and portai positions. AOL, anterior oblique ligament; APL, abductor 
pollicis longus; EPB, extensor pollicis brevis; EPL, extensor pollicis longus. (After Zhang, et al. J Wrist Surg. 2012.) 


just radial to the abductor pollicis longus (APL) tendon and 
a dorsal portai that is just ulnar to the APL along the line 
of the joint. Berger independently developed his technique 
for arthroscopic évaluation of the first carpometacarpal joint 
that he first presented as an instructional course in 1995. He 
then published his clinical work in 1997. He named the volar 
radial portai (RP) the 1-R portai and the dorsal ulnar portai 
the 1-U. 13 He defined the term dorsal as being in the plane 
of the thumb nail and volar in the plane of the distal pulp. 
Radial and ulnar referred to the thumb when its nail is parai - 
lel to the finger nails with the thumb supinated and radially 
abducted. He noted that the plane of the 1-R portai passes 
through the nonligamentous capsule just latéral to the AOL. 
The plane of the 1-U portai that is just posterior and ulnar 
to the EPB passes between or through DRL and POL. This 
portai provides views of the AOL and the UCL. Both portais 
are along the radial border of the thumb, which makes it dif- 
ficult to assess the latéral side of the joint. The POL is ulnar 
and adjacent to the portai. There is no true internervous 
plane since branches of the superficial radial nerve (SRN) 
surround the field and are at risk for injury with improper 
technique. The radial artery courses immediately posterior 
and ulnar to the arthroscopic field. Ropars et al dissected 
30 forearms and recorded the distances for the 3 branches 
of the SRN to the 1-R, 1-U, and a distal-dorsal (D-2) acces- 
sory portai (see below). H The SRN typicallyhas a major volar 
branch (SRI) and a major dorsal branch that subdivides into 
a volar (SR2) and a dorsal (SR3) branch. SRI generally par- 
allels the first extensor compartment, whereas SR2 crosses 
the first web space. In 24 cases (80%), when the 1-R portai 
was established radial (volar) to the SR3 branch, the mean 


distance was 4.8 mm (0-8). In 6 cases (20%) when the 1-R 
portai was inserted ulnar (dorsal) to the SR3 branch, the dis¬ 
tance was less than 2 mm. The SR3 was always remote from 
the 1-U portai at a mean 13 mm (7-22). The D-2 portai was 
very close to the SR2 at a mean distance of 1.7 mm (0-6). 

MODIFIED RADIAL PORTAL 

Orellana and Chow described a modified RP for improving 
the radial view of the TM J. 15 The RP is located just distal to 
the oblique ridge of the trapezium foliowing a line along the 
radial border of the flexor carpi radialis (FCR) tendon rather 
than the APL. In an anatomie study of 6 cadaver arms, the 
SRN was located a mean of 6.3 mm (4-8 mm) from the 1-U 
portai and 7.8 mm (4-12 mm) from the RP. The radial artery 
passed within 2.7 mm (2-3.5 mm) of the 1-U portai and 
10 and 15 mm from the RP. To establish the RP, the scope is 
placed in the 1-U portai. The light source is pointed to the RP 
that lies just radial to the AOL. A 22-gauge needle is inserted 
just distal to the ridge of the trapezium. The skin is incised 
followed by blunt dissection through the capsule and inser¬ 
tion of the trocar and cannula, and then the arthroscope. 

THENAR PORTAL 

A thenar portai was subsequently described by Walsh et al. 16 
This portai is placed by illuminating the thenar eminence 
with the arthroscope in the 1-U portai, and then inserting a 
22-gauge needle through the bulk of the thenar muscles at the 
level of the TM joint, approximately 90° from the 1-U portai. 
This portai is straddled by the UCL and allows preferential 
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views of the ulnar recess and the ulnar tubercle of the trape- 
zium. They measured the distances of the surrounding neu- 
rovascular structures to 3 portais in a cadaver study of 7 limbs. 
The mean distance f rom SR2 was 11.6 ± 1.0 mm f or the 1 -U, 
25.7 ±1.2 mm for the 1 -R, and 33.7 ± 1.68 mm for the thenar 
portai. The mean distance from SR3 was 12.9 ± 1.1 mm for 
the 1-U, 7.4 ± 1.3 mm for the 1-R, and 19.07 ± 1.17 mm for 
the thenar portai. The mean distance from the radial artery 
was 13.3 ± 1.1 mm for the 1-U, 20.7 ±0.9 mm for the 1-R, and 
29.4 ±1.15 mm for the thenar portai. The motor branch of 
the médian nerve was an average of 23.0 ± 1.6 mm from the 
thenar portai. There were no neurovascular complications 
from use of this portai in a recent small sériés of 11 patients, 
although transient scar tenderness was noted. 17 

DISTAL-DORSAL PORTAL 

Access to médial osteophytes may sometimes be diffîcult; 
hence, I hâve found the use of a D-2 accessory portai to be of 
some value. 18 Its main utility is that it allows one to look down 
on the trapezium rather than across it, which facilitâtes resec¬ 
tion of médial osteophytes. This accessory portai allows views 
of the dorsal capsule with rotation of the scope and facilitâtes 
triangulation of the instrumentation. It is situated in the dorsal 
aspect of the first web space. An anatomie study of 5 cadaver 
hands revealed that the D-2 portai surface landmark is ulnar 
to the extensor pollicis longus (EPL) tendon and 1 cm distal 
to V-shaped cleft at the juncture of the index and thumb MC 
bases. The portai lies just distal to the dorsal intermetacar- 
pal ligament (DIML). The DIML is an extracapsular ligament 
that originates from the dorsoradial aspect of the index MC 
radial to the extensor carpi radialis longus insertion. It inserts 
onto the palmar-ulnar tubercle of the base of the thumb MC 
along with the POL and UCL. A trocar placed through the 
D-2 portai was found to pass through the first dorsal inter- 
osseous muscle and penetrate the DIML, entering the joint 
either through or between the UCL and POL. Branches of the 
SRN passed within 3.2 mm (range 1-5 mm), the radial artery 
was 3.8 mm away (range 3-5 mm), the first dorsal metacarpal 
artery (FDMA) within 2.8 mm (2-4 mm), and the cephalic 
vein was within 2.8 mm (1-5 mm) of this portai. On average, 
the D-2 portai was 17.2 mm from the 1-U portai (12-20 mm). 
There is no true safe zone for the D-2 portai, with branches of 
the SRN or the FDMA or one of its branches coming within 
1 mm of the portai. Hugging the ulnar border of the thumb 
MC and moving 1 cm distal to the thumb/index MC juncture 
increases the space between the portai and the radial artery. 
Careful wound spread technique is of paramount importance 
when establishing this portai. 

ARTHROSCOPIC TREATMENT FOR 
TRAPEZIOMETACARPAL OA 

Eaton and Littler described a radiographie staging classifi¬ 
cation of TM OA. 19 Stage I comprises normal articular sur¬ 
faces without joint space narrowing or sclerosis. There is less 


than one-third subluxation of the MC base. Stage II reveals 
mild joint space narrowing, mild sclerosis, or osteophytes 
<2 mm in diameter. Instability is évident on stress views 
with >1/3 subluxation. The STT joint is normal. In stage III, 
there is significant joint space narrowing, subchondral scle¬ 
rosis, and peripheral osteophytes >2 mm in diameter but a 
normal STT joint. In stage IV, there is pantrapezial OA with 
narrowing, sclerosis, and osteophytes involving both the TM 
and STT joints. Badia proposed a more spécifie classifica¬ 
tion based on the arthroscopic changes. 20 Stage I included 
intact articular cartilage, stage II included eburnation on the 
ulnar one-third of the MC base and central trapezium, and 
stage III comprised widespread full-thickness cartilage loss 
on both surfaces. 


Indications 

The main indication for surgery is basilar thumb pain that 
is unresponsive to conservative treatment. This typically 
includes a trial of splinting with a forearm- or palmar-based 
thumb spica splint, NSAIDs, and activity modification. 
A TM joint cortisone injection may be used as a temporizing 
procedure. Although it is well known that the x-ray findings 
do not always correlate with the clinical symptoms, they are 
nevertheless instrumental in determining which patients 
may be appropriate candidates for an arthroscopic resec¬ 
tion. As a general rule, any patient who is an appropriate 
candidate for a hemiresection arthroplasty of the TM joint 
would also be suitable for an arthroscopic hemitrapeziec- 
tomy. This would typically include patients in Eaton stage II 
and III with unremitting pain despite appropriate conser¬ 
vative measures. This form of treatment does not preclude 
an open trapeziectomy and/or ligament reconstruction at 
a later date as a salvage procedure for failed arthroscopic 
surgery. The presence of Eaton stage IV disease is a relative 
contraindication to a hemitrapeziectomy, although a small 
sériés on successful arthroscopic resection arthroplasty for 
combined carpometacarpal and scaphotrapeziotrapezoid 
OA has been recently published. 21 Any significant latéral 
subluxation of the thumb MC base will not be corrected 
without some type of ligament reconstruction or capsular 
shrinkage, and may compromise the long-term resuit if not 
corrected. Conventional teaching has stated that MP joint 
hyperextension must also be corrected to prevent récurrent 
TM subluxation, although this notion has been recently 
challenged. 22 

Contraindications 

This would include any general contraindication to thumb 
arthroscopy including distortion of the anatomy due to 
swelling, unstable or friable skin that would preclude the use 
of traction, and recent infection. Ehlers-Danlos syndrome is 
a relative contraindication for this procedure, although a suc¬ 
cessful arthroscopic tendon arthroplasty has been reported. 23 
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Surgical Technique 

The patient is positioned supine on the operating table with 
the arm extended on a hand table. The thumb is suspended 
by finger traps with 10 to 15 lb of countertraction, which 
forces the wrist into ulnar déviation. The relevant landmarks 
are outlined including the proximal and dorsal edge of the 
thumb MC base, the tendons of the APL and the EPL, and 
the radial artery in thesnuffbox. The procedure is performed 
with a tourniquet elevated to 250 mm Hg. Saline inflow irri¬ 
gation is provided through the arthroscope and a small joint 
pump or pressure bag. I prefer using a 2.7-mm 30° angled 
scope with a caméra attachment, although others prefer a 
smaller 1.9-mm scope. A 3-mm hook probe is needed for 
palpation of intracarpal structures. A motorized shaver is 
needed for debridement. A diathermy unit is required if a 
capsular shrinkage is contemplated. Intraoperative fluoros- 
copy is employed to assess the adequacy of bone resection 
and for locating the portais as needed. 

To establish the 1-R portai, the thumb MC base is pal- 
pated and the joint is identified with a 22-gauge needle j ust 
radial to the APL, followed by joint distension with saline. 
A superficial skin incision is made followed by wound spread 
technique with tenotomy scissors. The capsule is pierced and 
a cannula and a blunt trocar are inserted, followed by the 
arthroscope. An identical procedure is used to establish the 
1 -U portai, just ulnar to the EPB tendon, followed by inser¬ 
tion of a 3-mm hook probe. The portais are interchangeably 
used to systematically inspect the joint, which is facilitated 
by use of a 2.0-mm full radius resector. 

The D-2 portai is used to increase the distance for instru¬ 
ment triangulation and to facilitate resection of any médial 
osteophytes. To establish the D-2 portai, the intersection of 
the base of the index and thumb MC is identified just distal 
and ulnar to the EPL tendon. A 22-gauge needle is inserted 
1 cm distal to this juncture and angled in a proximal, radial, 
and palmar direction, hugging the thumb MC while view- 
ing from either the 1-R or 1-U portai. A small skin incision 
is made and tenotomy scissors are used to spread the soft 
tissue and pierce the joint capsule. This is followed by inser¬ 
tion of a blunt trocar and cannula and then the arthroscope 
or alternatively a hook probe, motorized shaver, or 2.9-mm 
burr. The modified RP is identified with a 22-gauge needle, 
distal to the oblique ridge of the trapezium foliowing a line 
along the radial border of the FCR tendon (Fig. 4-8A and B). 

ARTHROSCOPIC DEBRIDEMENT 
AND CAPSULAR SHRINKAGE 

The essence of arthroscopic capsular shrinkage is akin to that 
of an AOL reconstruction. It relies on thermal heating of the 
collagenous fibers in the surrounding ligaments and capsule, 
followed by a period of joint immobilization in a reduced posi¬ 
tion. A motorized shaver is used to débridé any synovitis and 
to expose the capsular ligaments. A diathermy probe is then 
employed to paint the AOL taking care to leavebands of tissue 
in between. The probe is kept away from the joint surfaces to 


prevent cartilage necrosis and the outflow fluid température 
can be monitored to prevent overheating. Use of an 18-gauge 
needle in an accessory portai enhances fluid circulation. 

ARTHROSCOPIC PARTIAL OR COMPLETE 
TRAPEZIECTOMY WITHOUT TENDON 
INTERPOSITION 

The 1-R and 1-U portais are established as described. The 
AOL is identified and preserved. After joint debridement, a 
2.9-mm burr is applied in a to-and-fro manner to resect 3 
to 4 mm of the distal trapezium. The diameter of the burr 
along with fluoroscopy provides a gauge as to the amount 
of bony resection. A larger 3.5-mm burr may be substituted 
as the space between the MC base and distal trapezium 
enlarges. After the bony resection is complété, the thumb 
may be immobilized in a pronated and abducted position 
(Fig. 4-9 A-D). If there is latéral subluxation of the MC base, 
thermal shrinkage of the AOL can be performed at this time. 

ARTHROSCOPIC PARTIAL OR COMPLETE 
TRAPEZIECTOMY WITH INTERPOSITION 

After a partial or complété resection of the trapezium, autog- 
enous tendon graft such as the palmaris longus, one half of 
the FCR, or a slip of the APL is harvested through multiple 
transverse incisions. Landstrom recently reported a technique 
for harvesting an accessory slip of the APL by enlarging the 
1-R portai. 24 Alternatively, some other form of interposition 
material can be substituted. An absorbable suture is placed 
in the leading end of the tendon graft and swedged onto a 
large curved needle, which is used to pass the graft through 
the joint. The needle is passed through the 1-U portai and 
brought out through the volar capsule and bulk of the thenar 
eminence. Traction on the suture pulls the graft into the joint. 
The remaining graft is packed in with forceps and the portais 
are closed. The thumb is K-wired in abduction for 4 weeks. 

The thumb is immobilized in abduction by cast or splint 
for 4 weeks following any of these procedures. The use of a 
temporary TM joint K-wire is based on surgeons preference, 
and is removed at 4 weeks. Thumb abduction and exten¬ 
sion are instituted, followed by adduction and opposition 
after 6 weeks. Strengthening ensues once motion has been 
restored. The réhabilitation protocol is modified as necessary 
if concomitant surgery on the MP joint has been performed. 

Outcomes 

Menon reported his results on performing a partial 
arthroscopic resection of the trapezium and an interposi¬ 
tion arthroplasty in 31 patients (33 hands). 12 The mean âge 
was 59 years (48-81 years) with an average follow-up of 37.6 
months (24-48 months). Gortex was used in 19 patients and 
autogenous tendon or allograft in 14. Complété pain relief 
was obtained in 25 patients/hands (75.7%). Three patients 
had mild pain (4 hands) and 4 patients had persistent pain 
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FIGURE 4-8 A. Clinical photo of the scope in the radial portai (RP) 
and the probe in the 1-U. B. View from the 1-R portai of a needle in the 
radial portai. MTC, metacarpal base; s AOL, superficial anterior oblique 
ligament; Tm, trapezium. C. Relative positions of the portais from 
the radial aspect of the wrist. D. View from the 1-U portai of a burr in 
the D-2 portai resecting a médial osteophyte (*). Tm, trapezium. 


that required conversion to an open trapeziectomy and 
ligament reconstruction. Ail patients maintained their pre- 
operative motion. Pinch strength improved from 6 psi pre- 
operatively to 11.1 psi postoperatively. Because of osteolysis 
in 3 patients/4 hands, the use of Gortex as an interpositional 
substance was not recommended. 

Furia published his expérience with a rthroscopic debride- 
ment and synovectomy of the TM joint in 23 patients with 
Eaton stage I and II OA as compared with a control group of 
21 patients treated with nonoperative measures. 25 The pre- 
treatment mean VAS were 7.7 in the operative group and 7.5 
in the control group andthe DASH scores were 55.6 and 54.4, 
respectively. At the 1-year follow-up the mean VAS were 2.7 
in the operative group and 7.3 in the control group and the 
DASH scores were 26 and 53.1, respectively. The mean pinch 
strength f or the surgical and control groups was 6.2 ± 1.3 and 
4.9 ± 1.1 kg. 



Hofmeister et al reviewed the long-term results in 18 
patients following an arthroscopic hemitrapeziectomy, ther¬ 
mal capsular shrinkage, and temporary K-wire fixation. 26 
At an average follow-up of 7.6 years they noted a subjective 
improvement in pain, pinch activities, strength, a nd range of 
motion in ail patients. No patient required furthersurgeryon 
their thumb. No patient had a positive TM test or any laxity 
by examination. The total thumb range of motion decreased 
by 20%, but ail patients could oppose to the fifth finger. Grip 
strength remained unchanged, key pinch improved from 8 to 
11 lb, and tip pinch improved from 4 to 5 lb. Radiographs 
showed a MC subsidence of 1.8 mm (0-4 mm). Four com¬ 
plications were noted: 2 cases of dorsal radial nerve neuritis, 
1 rupture of the flexor pollicis longus, and 1 case of a pro- 
longed hematoma. 

Edwards and Ramsey reported similar findings. 27 They 
prospectively evaluated 23 patients with Eaton stage III OA 
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FIGURE 4-9 A. AP view of advanced TM OA. B. Arthroscopic view from the 1-U portai. Note how the trapezium (Tm) is devoid of ail cartilage. 
MTC, metacarpal base. C. Partial resection of the trapezium. D. Completed hemitrapeziectomy. 


at a minimum follow-up of 4 years, who were treated with 
an arthroscopic hemitrapeziectomy and thermal capsular 
shrinkage, without interposition, plus K-wire fixation for 
3 to 4 weeks. At 3 months postoperatively the average DASH 
score improved from 61 to 10 and pain scores decreased 
from 8.3 to 1.5. Grip and key pinch strength improved to 6.8 
and 1.9 kg, respectively, and the wrist and finger motion were 
unchanged. Proximal migration of the first MC averaged 
3 mm and translation decreased from 30% to 10%. These 
findings remained unchanged at 4 years or more. Pegoli et al 
performed an arthroscopic hemitrapeziectomy and tendon 
interposition using the palmaris longus tendon in 16 patients 
with stage I and II disease. 28 At 12 months, there were 6 excel¬ 
lent, 6 good, 3 fair, and 1 poor resuit using the modified Mayo 
score. Adams et al treated 17 patients with an arthroscopic 
debridement and interposition arthroplasty for stage II and 
III disease, using afoldedacellular dermal matrix allograft. 29 
The average âge was 61.7 (range 47-86) and the follow-up 
averaged 17 (range, 6-39) months. Eighty-eight percent of 
the patients reported no pain, or only occasional pain, on 
activities with an average pain score of 1.125 out of 10. The 


average grip strength was 18.3 kg versus 22.6 kg preopera- 
tively and the average pinch strength was 4.0 kg versus 4.8 kg. 
Only 2 patients had limited range of motion, as assessed by 
the palm fiat test and the ability to oppose the thumb to the 
fifth MC head. None of the patients required révision sur- 
gery and there were no instances of graft reaction. 

Arthroscopic Treatment of Metacarpal 
Base Fractures 

FIRST METACARPAL BASE 

The Bennett fracture refers to an intra-articular fracture sep- 
arating the volar-ulnar aspect of the MC base, separating it 
from the remaining thumb MC. It is thought to be caused by 
an axial load on a partially flexed MC. The volar-ulnar frag¬ 
ment is held in place by the AOL while the APL, EPB, and 
EPL pull the shaft fragment in a dorsal, radial, and proximal 
direction along with some supination. Nonoperative treat¬ 
ment has been associated with a bad outcome since external 
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immobilization alone cannot control the radial subluxation. 
Open or percutaneous réduction and fixation hâve become 
the standard of treatment. Fracture réduction requires pal- 
mar abduction of the thumb and pronation of the MC base 
that tensions the dorsal ligament complex. Direct pressure 
on the MC base may also be needed. Thumb extension 
causes fracture displacement. There are no published long- 
term, large prospective randomized outcome studies, but 
many authors consider <2 mm of intra-articular incongru- 
ity to be acceptable. A Rolando fracture is a Y- or T-pattern 
fracture that includes the volar-ulnar Bennett fragment in 
addition to a dorsal radial fragment. This fracture pattern is 
more difficult to treat and has a worse prognosis than the 
Bennett fracture. It often requires an open réduction, but 
the fracture is occasionally amenable to percutaneous 
techniques. 

Arthroscopy allows one to assess the articular réduction 
and to assess for any hardware pénétration. The use of stan¬ 
dard radiographs and fluoroscopy leads to an underestima- 
tion of the degree of articular incongruity. In a recent study 
in 8 fresh-frozen cadaveric hands, Capo et al artificially cre- 
ated a Bennett fracture and then performed a closed réduc¬ 
tion and pinning. 30 Under fluoroscopie examination, the 
measured fracture step-off and displacement were less than 
1.5 mm in ail specimens. Standard x-rays demonstrated an 
average displacement of 0 mm on the AP view, a 0.1-mm 
gap on the latéral view, and an articular step-off of 1.1 mm. 
A direct examination of the joint surface however showed an 
average displacement of 3.1 mm, an average articular gap of 
0.9 mm, and an average step-off of 2.1 mm. 

Surgical Technique 

The methodology and portais are similar to that described 
above. Thumb traction tends to place it in some abduction 
and pronation that often provisionally reduces the fracture 
in the proximal/distal plane, but the fracture fragments are 
malrotated since the MC shaft fragment is extended and 
supinated. I prefer to perform this procedure without con¬ 
stant fluid irrigation since it is less complicated and views of 
the articular surface and ligaments are superior. Intermittent 
irrigation is used as needed by attaching a 10-cm 3 saline- 
filled syringe to the inflow portai and using a full radius 
resector for suction and debridement of hematoma. Blunt 
elevators and curettes can be used, but a dental pick is use- 
ful for both fracture manipulation and réduction. The D-2 
portai is useful for fracture réduction using a Freer elevator, 
especially if the fracture is 3 to 4 weeks old. Two 0.45-mm 
K-wires are prepositioned at the MC base but not Crossing 
the fracture site. They can be used to manipulate the main 
shaft fragment into pronation and abduction while holding 
the volar-ulnar fragment reduced with the tip of the dental 
pick. Once an acceptable réduction has been achieved, it 
is captured by driving the K-wires across the fracture line 
(Fig. 4-10A-D). One K-wire is usually insufficient to con¬ 
trol rotation. If percutaneous cannulated screw fixation is 


used, one must be careful to avoid entering the CMC joint of 
the thumb/index MC articulation with the tip of the s crew. 
In case of a Rolando fracture, cross-pinning the distracted 
thumb MC to the index MC can maintain the réduction of 
the comminuted shaft fragments (Fig. 4-11A-D). Articular 
pinning may also be necessary. A thumb spica splint is used 
for 4 to 6 weeks followed by K-wire removal and range of 
motion exercises. 


FIFTH METACARPAL BASE 

The same techniques for arthroscopy of the First carpometa- 
carpal joint can be applied to fracture-dislocations involving 
the fifth CMC joint. This is one situation where arthroscopy 
is definitely of benefit since the articular fracture fragment is 
often volar and difficult to visualize and reduce from a dorsal 
approach. 


ANATOMY/PATHOMECHANICS 

Nakamura et al studied 80 cadaver arms and described the 
carpometacarpal joint in detail. 31 Two distinct dorsal liga¬ 
ments were identified that attached to the dorsal aspect of 
the fifth MC. One of these extended from the ulnar base of 
the fifth MC to the hamate (fifth MC ulnar-side base-hamate 
ligament) and the other from the radial base of the fifth MC 
to the hamate and sometimes to the fourth MC ulnar base 
(fourth MC ulnar-side base-fifth MC radial-side base liga¬ 
ment). There was an intermetacarpal ligament that attached 
the radial base of the fifth MC to the ulnar base of the fourth 
MC. There was 1 volar ligament that attached to the fifth MC 
base and extended either to the hook of the hamate or to the 
ulnar base of the fourth MC. There were no intra-articular 
ligaments except for 1 ligament that was located between the 
third/fourth MC and the capitate/hamate. 

Dzwierzynski et al also studied the intermetacarpal liga¬ 
ment anatomy. 32 They noted that the alignment of the inter- 
osseous ligaments between the fourth and fifth MCs differed 
from the ligament alignment between the second-third and 
third-fourth MCs, which allows a greater degree of motion in 
the fifth CMC joint (approximately 25° of flexion/extension) 
as compared with the fourth CMC joint (approximately 15°). 
They also observed that when these MCs flex at the CMC 
joints, as in grasping, the dorsal interosseous ligament tight- 
ens and the anterior interosseous ligament relaxes. When the 
MCs extend at the CMC joints, the anterior ligament tight- 
ens and the posterior ligament relaxes, which retains a rigid 
interconnection between the bones. 

An axial load to the fourth and fifth MC heads secondary 
to a clenched fist blow is often cited as the most common 
mechanism of injury of a fracture-dislocation of the fifth car¬ 
pometacarpal joint. In 1 clinical study, the authors postulated 
that flexion during impact results in a dorsal dislocation of 
the small finger MC base, dorsal CMC ligament disruption, 
and oftentimes a hamate dorsal rim fracture. 33 Yoshida et al 
attempted to reproduce the mechanism of injury in a cadaver 
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FIGURE 4-10 A. AP fluoroscopie view of a Bennett frac¬ 
ture. B. Arthroscopic view from the 1-U portai shows some 
persistent displacement of the volar-ulnar fragment (*). 
AOL, anterior oblique ligament; MTC, metacarpal shaft. 
C. Anatomie réduction of the articular surface viewed from 
the modified radial portai. D. AP fluoroscopie view folio w- 
ing K-wire fixation. 




study by dropping an 8-kg weight from various heights onto 
the fourth and fifth MC heads in a specially designed jig. 34 
The hand was placed in the clenched fist position with the 
ring CMC joint in 20° of flexion, the small CMC joint in 30° 
of flexion, and the wrist in 20° of extension. A dorsal hamate 
fracture occurred in 45% of the specimens, whereas a frac¬ 
ture of the volar aspect of the ring and of small finger MC 
base were présent in 40% and 20% of the specimens, respec- 
tively. The small MC volar base fracture fragment remained 
attached to the ring MC ulnar-side base-small MC radial- 
side base ligament. 

IMAGING 

Anteroposterior and latéral radiographs do not allow for an 
accurate assessment since the ring and small CMC joints are 


obscured by overlap of the hamate on the MC bases. Cain 
et al noted that a 45° pronation oblique view allowed for a 
good assessment of injuries to both the ring and small CMC 
joints. 33 Occasionally a 15° pronation oblique projection is 
required to assess damage to the dorsal portion of the small 
finger CMC joint. 34 

Surgical Technique 

The patient is positioned supine on the operating table with 
the arm extended on a hand table. The small and ring fingers 
are suspended by finger traps with 10 to 15 lb of counter- 
traction. In general, a 2.7-mm 30° angled scope along with 
a caméra attachment is used, although a 1.9-mm scope can 
be substituted. A 3-mm hook probe is needed for palpation 
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FIGURE 4-11 A. AP x-ray of a Rolando fracture. B. Arthroscopic view of the volar fracture line through the 1-U portai. C. Réduction of volar-ulnar 
fragment (*). MTC, metacarpal shaft. D. The radial articular fragment is reduced with ligamentotaxis by K-wiring the distracted thumb metacarpal 
to the index metacarpal. 


of intracarpal structures. A motorized 2.9-mm full radius 
resector is needed for debridement of hematoma as well as 
small curettes and a dental hook for manipulation of the 
fracture fragments. The procedure is done under fluoro¬ 
scopie control. The relevant landmarks are outlined includ- 
ing the proximal and dorsal edge of the fifth MC base, the 
ECU tendon, and, if possible, the extensor tendons to the 
small and ring fingers. The procedure is performed with a 
tourniquet elevated to 250 mm Hg. It is my preference to use 
a dry technique with intermittent saline irrigation through 
the scope using a 10-cm 3 syringe and suction using the full 


radius resector as previously described. Two main portais 
are used (Fig. 4-12A and B). There is an ulnar portai or fifth 
metacarpohamate portai (5-MH) that is located between the 
fifth MC ulnar-side base-hamate ligament and the extensor 
digiti quinti tendon, at the level of CMC joint. The RP, or the 
fourth metacarpohamate portai (4-MH), is just radial to the 
fourth MC ulnar-side base-hamate ligament extensor ten¬ 
don to the ring finger. Each joint is localized with a 22-gauge 
needle folio wed by injection of 2 cm 3 of saline. This step may 
be facilitated by fluoroscopy. A small transverse skin incision 
is made followed by woundspread technique with tenotomy 
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FIGURE 4-12 A. Cadaver dissection demonstrating the position of the 2 dorsal arthroscopy portais at the base of the fourth and fifth metacarpal 
bases (radio buttons) in relation to the metacarpohamate ligaments (in white). DCBUN, dorsal cutaneous branch of the ulnar nerve; EDM, extensor 
digiti minimi; H, hamate. B. Latéral view demonstrating the relative position of the 5-A (accessory) portai that is located at the level of the fifth CMC 
joint, volar to the extensor carpi ulnaris (ECU). FCU, flexor carpi ulnaris; UN, ulnar nerve. 


scissors. The capsule is pierced and a cannula and a blunt 
trocar are inserted, foliowed by the arthroscope. The portais 
are interchangeably used to systematically inspect the joint, 
which is facilitated by judicious use of a 2.9-mm resector. 
An accessory portai (5-A) can facilitate triangulation and 
is located along the ulnar base of the fifth MC just dorsal 
to the hypothenar muscles and approximately 1 cm distal 
to the 6-U wrist arthroscopy portai. There is no interner- 
vous plane and in jury to the dorsal cutaneous branch of the 
ulnar nerve is a risk with ail of these portais; hence, care- 
ful wound spread technique is mandatory. The dorsal sub¬ 
luxation of the fifth MC base can be reduced by inserting 
a Freer elevator through the 5-MH portai at the base of the 
fifth MC (Fig. 4-13A-G). The 4-MH portai is established as 
described folio wed by insertion of the blunt trocar and can¬ 
nula, and then the arthroscope. A 2.9-mm full radius resec¬ 
tor is inserted through the 5-MH portai and interchanged 
with a curette for debridement of the fracture débris. The 
4-MH can be used as the viewing portai with the 5-MH as 
the working portai. A 0.045-mm K-wire can be inserted into 
the volar articular fragment and the MC base and used to 
manipulate the fragments. The volar articular fragment often 
remains attached to the fourth MTC base through an intact 
intermetacarpal ligament. This prevents displacement of 
the volar articular fragment, similar to the Bennett fracture 
fragment that remains attached to the first intermetacarpal 
ligament. A useful maneuver is to pull the volar articular 
fragment dorsally with the dental pick while pushing volarly 
on the MC base to reduce the fracture gap. Prepositioned 
K-wires inserted in both of the fracture fragments are then 
advanced to capture the réduction. It is often necessary to 
cross-pin the fifth CMC joint to the hamate or capitate for 
4 to 6 weeks to prevent récurrent dorsal subluxation. 


Postoperatively, the small and ring fingers are immobi- 
lized in a finger spica splint f or 4 weeks followed by protected 
finger motion. If the fixation is stable, passive and active 
MP joint flexion can be instituted early on. The K-wires are 
removed at 6 weeks. Strengthening ensues once motion has 
been restored. Clenched fist striking, and contact and bail 
sports are allowed at 12 weeks but may be permitted s ooner 
if a playing cast or orthosis is used. 

Complications 

Potential complications of this procedure include in jury to 
the DCBUN that cloak the operative field. Direct or indirect 
extensor tendon injury or postoperative extensor tendon 
adhesions can be minimized by careful operative technique 
during the establishment of the portais and insertion of 
the K-wires and by the institution of early finger motion. 
Iatrogénie articular damage can be minimized by using small 
joint instruments and joint distraction. Récurrent dorsal sub¬ 
luxation of the fifth MC base can be minimized by temporary 
K-wire fixation of the fifth CMC joint to allow ligamentous 
healing as well as internai fixation of any significant-sized 
dorsal hamate rim fractures. The use of arthroscopy provides 
a magnified view of the fracture line as well as the ability to 
directly visualize the quality of the articular réduction. Akin 
to other joints, however, an anatomie réduction of the articu¬ 
lar surface is désirable, but there are no data to establish that 
this results in improved clinical outcomes. Long-term follow- 
up is unavailable as yet; hence, this procedure should be 
vie wed as a useful adjunctive technique in the treatment of a 
fracture-dislocation of the fifth carpometacarpal joint, but it 
is unlikely to supplant the more time-tested open procedures. 
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FIGURE 4-13 A. Latéral view of a fracture-dislocation of the fifth metacarpal CMC joint as a comminuted dorsal. B. Latéral CT scan demonstrating 
the volar articular fragment. C. Percutaneous insertion of a Freer elevator. D. View of the volar articular fragment (VF) of the fifth metacarpal base 
with the scope in the 4-MH portai demonstrating the fracture gap. MC base, dorsal metacarpal base. E. Réduction of the fracture gap. F. 15° pronation 
oblique view highlighting the réduction of the dorsal subluxation of the fifth metacarpal base. G. Latéral view at 6 weeks after K-wire removal showing 
an anatomie union of the fracture fragments. 
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SCAPHOTRAPEZIAL JOINT 
ARTHROSCOPY 

Scaphotrapeziotrapezoidal Joint Portai 
Anatomy 

STT-U PORTAL 

Bowers and Whipple hâve described a scaphotrapezial joint 
(STT-U) portai that they used to aid arthroscopic resections 
of the distal scaphoid with STT OA. They used this portai in 
conjunction with the MCR. The STT-U portai is located in 
line with the midshaft axis of the index MC, just ulnar to the 
EPL. 35 Entry into this portai requires traction on the index 
finger. Leaving the EPL to the radial side of the STT portai 
protects the radial artery in the snuffbox from in jury. 

STT-R PORTAL 

A RP for STT arthroscopy (STT-R) has been described. 36 
This portai is radial to the APL tendon at the level of the 
STT joint. Access to the joint is eased by use of a 1.9-mm 30° 
angled arthroscope. Cadaver dissections demonstrated that 
maintaining a position palmar and radial to the APL tendon 
at the STT joint level avoids the radial artery by a mean of 
8.8 mm (range 6-10 mm). As with the l-/,2 portai, branches 
of the SRN virtually surround the arthroscopic field; hence, 
blunt dissection of the capsule and knowledge of the régional 
anatomy are essential. Ashwood et al used a portai that was 
radial to the EPL tendon along with the MCR for arthroscopic 
debridement of isolated STT OA. 37 They recommended a 
1.5-cm skin incision to enable safe blunt dissection. 

STT-P PORTAL 

Baré et al described another accessory palmar portai (STT-P) 
based on a dissection of 10 cadaver arms. 38 They identified 
a safe portai of entry that was midway between the radial 
styloid and the base of the first MC, 3 mm ulnar to the APL 
tendon and 6 mm radial to the scaphoid tubercle. The tro- 
car is inserted into the STT joint aiming toward the base 
of the fifth MC while holding the thumb in extension and 
adduction. This portai lay 7.6 mm (5-11 mm) from the radial 
artery, 6.5 mm (4-11 mm) from the superficial branch of the 
radial artery, and 11.6 mm (3-20 mm) from the closest radial 
sensory nerve branch. 

Surgical Technique for an Arthroscopic Distal 
Scaphoid Resection 

The patient is positioned supine under general anesthé¬ 
sia with the arm abducted, under tourniquet control. The 
thumb is suspended by finger traps with 10 lb of countertrac- 
tion. I prefer to use a 2.7 -mm 30° angled scope along with a 
caméra attachment, although a 1.9-mm scope may be substi- 
tuted until after the space has been partially decompressed. 


A 3-mm hook probe is needed for palpation. If there is the 
clinical suspicion of a coexisting scapholunate instabil- 
ity as manifested by radial-sided wrist pain and a positive 
Watson test, a standard wrist arthroscopy is performed and 
any scapholunate ligament pathology is addressed. It is com- 
mon to enter the TM joint by mistake; hence, patience and 
gentle persistence are requisite. Intraoperative fluoroscopy is 
employed to assess the adequacy of bone resection and for 
locating the portais as needed. The STT-U portai is localized 
by finding the STT joint with a 22-gauge needle j ust ulnar to 
the EPL tendon, in line with the index MC. Two cubic centi- 
meters of saline is injected followed by a small skin incision 
to aid in locating the joint and to inflate the joint thatlessens 
the risk of chondral in jury during insertion of the instru¬ 
ments. More recently, however, I perform the initial joint 
inspection without fluid in many instances. Tenotomy s as¬ 
sors are used to spread the soft tissues and pierce the capsule, 
and then a cannula and a blunt trocar are inserted, followed 
by the arthroscope. An identical procedure is used to estab- 
lish the STT-P portai that is identified roughly 3 mm ulnar 
to the APL tendon and 6 mm radial to the scaphoid tubercle 
(Fig. 4-14A-D). Portai placement can be aided by advancing 
the scope through the STT-U portai, across the joint until it 
lights up the capsular interval. The angle between the 2 por¬ 
tais is 130° that improves triangulation. Both portais are 
interchangeable for viewing and for instrumentation. 

The joint debridement is debrided using a combination 
of a full radius resector and a thermal probe. Once any resid- 
ual articular cartilage has been removed, a 2.9-mm burr is 
applied to the distal scaphoid in a to-and-fro manner. The 
bony resection is limited to 3 to 4 mm in an attempt to pré¬ 
serve the insertion of the scaphotrapezial ligaments and to 
lessen the risk of a symptomatic DISI deformity. The diam- 
eter of the burr, along with fluoroscopy, provides a gauge as 
to the amount of bony resection. When there is coexisting 
TM OA, a double arthroscopic resection can be performed. 

Complications 

An inadéquate excision of the distal scaphoid articular surface 
can lead to residual scaphotrapezial impingement and persis¬ 
tent pain. For this reason, many authors recommend excision 
of one-fourth of the distal scaphoid. Radial artery in jury in the 
snuffbox is a risk as well as trauma to the SRN branches that 
can resuit in a symptomatic neuroma formation. The develop¬ 
ment of a dorsal midcarpal instability may lead to persistent 
wrist pain due to painful dorsal subluxation of the capitate 
(Fig. 4-9A-D). 9 This is particularly frequent among patients 
whose STT osteoarthritis has been caused by a chronic inflam- 
matory process, such as chondrocalcinosis or rheumatoid 
arthritis, in whom the carpus was already malaligned before 
excision of the distal scaphoid. 39 Another possible complica¬ 
tion, in cases where a pyrocarbon implant has been used as 
spacer, is a dislocation of the implant. The most usual direc¬ 
tion of the subluxation is toward the anteromedial corner of 
the joint, where it is likely to impinge against the FCR tendon, 
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FIGURE 4-14 A. AP x-ray revealing narrowing 
of the STT joint and sclerosis. B. Insertion of an 
arthroscopic shaver in the STT-P portai with the 
scope in the STT-U portai C. Fluoroscopie view. 

D. View from the STT-U portai with a resector in 
the STT-P portai Note the marked loss of cartilage 
on the scaphoid (S) and proximal trapezium (T). 

E. A 2.9-mm burr is used to resect the distal scaph¬ 
oid (S) down to cancellous bone. F. Postoperative 
x-ray. 
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or toward the antérolatéral aspect of the scaphoid where it will 
irritate the SRN branches and may cause pain. In 1 sériés, sub¬ 
luxation of the implant was due to an inadéquate resection of 
the distal pôle that left a médial bone “wall” responsible for 
inadéquate insertion of the implant. 40 

Outcomes 

Ashwood et al reported their results with arthroscopic 
debridement of the scaphotrapezial joint without distal 
resection in 10 consecutive patients. 37 Good or excellent 
subjective results were achieved in 9 patients at final review 
at an average of 36 months (12-65 months). Ail patients 
showed a réduction in visual analogue pain scores, which 
improvedfrom a mean of 86 to 14 points. The mean Green 
and O’Brien wrist scores improved from 63 to 91. Tham 
and Dagge performed an arthroscopic resection of the dis¬ 
tal scaphoid and tendon interposition for isolated STT OA 
in 7 patients (average âge 58 years). 41 At a mean follow-up 
of 13.3 months (7-21 months), 5 patients described no pain 
or mild intermittent activity-related pain. The preopera- 
tive average VAS of 7.4 improved to a postoperative average 
of 0.2. There was no change in wrist motion and the mean 
grip strength increased from 12 to 26 kg and key pinch 
strength from 4 to 7.6 kg. There were 2 failures due to persis¬ 
tent pain resultingfrom an inadéquate resection of the distal 
scaphoid. Radiographically, there were no cases of worsening 
of the radiolunate angle. Cobb et al recently reported a sériés 
of 34 patients who underwent a combined arthroscopic 
resection arthroplasty for stage IV disease, with interposi¬ 
tion of acellular allograft skin (Graftjacket, Wright Medical, 
Arlington, Tennessee) in 23 cases. 21 At a minimum of 1-year 
follow-up, the pain score had diminished from a mean of 
7 to 1, the DASH scores had improved from a mean of 51 to 
19, and the key pinch increased by a mean 1.3 kg. There were 
no apparent différences between interposition and resection 
arthroplasty, but the numbers are too small to draw firm 
conclusions. Radiographs to rule out a secondary DISI pos¬ 
ture and long-term outcomes were not as yet available. 

Most of the data on the use of pyrocarbon spacers corne 
from Europe since they are not FDA approved in North 
America. Pequignot et al 42 inserted a discoid pyrocarbon 
implant (STPI®, Bioprofîle-Tornier, Grenoble, France) fol- 
lowing an open distal scaphoid excision in 15 patients (mean 
âge 65 years) for the treatment of STT OA. At a mean follow- 
up of 4 years (range, 1-8 years) the VAS improved from an 
average of 8.5 to 2. There was a minimal loss of radial dévia¬ 
tion (<10°) and extension (<15°). Grip strength was similar 
to the normal side and there was a slight decrease in pinch 
strength (0.8 kg). There were no implant dislocations and 
no instances of a DISI deformity. Similarly favorable results 
were reported in another small sériés of 10 patients each with 
short-term follow-ups of 2 to 35 months, following an open 
or combined open/arthroscopic approach. 43 

Da Rin and Mathoulin performed arthroscopic resections 
of 2 to 3 mm of the distal pôle of the scaphoid for isolated 


STT OA in 26 women. 40 Thirteen patients had an open inser¬ 
tion of a pyrolytic carbon STT spacer (average âge 62 years) 
and 13 had no interposition (average âge 58 years). The lon- 
gest follow-up was 4 years. The Green and O’Brien score 
improvedfrom an average of 50 preoperatively to 90 postop- 
eratively in patients without the spacer and pinch increased 
from 5 to 15 kg, which compared favorably with the spacer. 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

Nonunions of the Metacarpals and Phalanges 

Nonunion is a rare complication after metacarpal or pha- 
langeal fractures. Its incidence has been reported at 0.7% in 
the metacarpal shaft 1 and 0.2% in the phalanges and meta¬ 
carpals. 2 Nonunions tend to occur in association with more 
severe in jury, including infection, nerve damage, or substan- 
tial bone or soft tissue loss. 3 

Jupiter et al defined delayed union and nonunion as those 
metacarpal and phalangeal fractures that fail to demonstrate 
clinical and radiographie signs of healing within 4 months 
from in jury. 3 In their review of 100 consecutive phalangeal 
(finger and toe) fractures, Smith and Rider described radio¬ 
graphie healing occurring up to 14 months after in jury. 4 
These authors found the average time to radiographie union 
was 5 months, whereas clinical healing was évident in just 
one-fourth of that time. Based on the variability of radio¬ 
graphie healing, they concluded that a fracture should not be 
deemed a nonunion until 12 months from injury. 4 Clinical 
indicators of nonunion include gross fracture instability or 
hardware failure (in cases of operative treatment). Persistent 
pain, however, is a less reliable sign as it may originate from 
other étiologies such as stiffness or nerve in jury. 

An atrophie nonunion of the metacarpal or phalanx is 
more common than a hypertrophie nonunion, and demon- 
strates little or no callus at the fracture site. 3 ’ 5 Atrophie non- 
union occurs in the setting of infection, bone loss, or with 
operative treatment that leaves the fracture site distracted, 
dysvascular, or with inadéquatestability (Fig. 5-1 ). Treatment 
includes debridement of infection or interposed fibrous tissue 
from the nonunion site, bone grafting of areas of bone loss, 
and stable fixation. Jupiter et al reported 100% union rates in 
17 metacarpal and phalangeal nonunions treated with plate 
and screw or K-wire fixation. The K-wire group, on aver¬ 
age, lost motion postoperatively while the digits treated with 
lag screws and plate fixation demonstrated gains in motion. 


These authors felt the benefits of rigid fixation included the 
ability to perform a concomitant tenolysis and arthrolysis, 
and allowed for early postoperative range of motion. 3 

Infected nonunions are treated with debridement of the 
soft tissues and fracture site, as well as intravenous antibiot¬ 
ics. Bony length and alignment can be maintained with an 
external fixator, bone cernent, or a K-wire spacer during this 
time. When the nonunion site is free of infection, definitive 
bone grafting and internai fixation can be undertaken. 5 

Hypertrophie nonunion reflects insufficient fracture sta¬ 
bility secondary to inadéquate immobilization, poor frac¬ 
ture fixation, or soft tissue interposition at the fracture site 
(Fig. 5-2). Attempts at bone healing are indicated by the 
presence of fracture callus. Rigid stabilization with lag s crews 
or compression plating is essential to foster bony union. The 
use of bone graft is not always necessary. 6 

Treatment aimed at achieving bony union is appro- 
priate for digits that will be functional after bony healing. 
Amputation may be preferred for a nonunion where there is 
permanent sensory loss of the involved finger, chronic infec¬ 
tion, severe joint contracture, or poor soft tissue coverage. 
Such a nonunion may cause stiffness at adjacent digits and 
jeopardize the overall hand fonction. 3,5 Arthrodesis may be 
appropriate for intra-articular and periarticular nonunions 
complicated by severe joint stiffness that is unlikely to 
improve even after obtaining bony union. Arthrodesis néces¬ 
sitâtes debridement of the nonunion site, removal of articu- 
lar cartilage from the adjacent joint, and fixation that crosses 
both the nonunion site and the joint. Bone grafting may or 
may not be necessary. 5 Fixation options include K-wires, 
intraosseous wiring, or plate and screws. Nonunions of the 
distal phalanx, especially the tuft, can be asymptomatic and 
may not require treatment. 

Indications 

Operative treatment of metacarpal or phalangeal nonunions 
is appropriate for digits in which dexterity or hand function 
can realistically be improved, that is, those with intact f lexor 
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FIGURE 5-1 Atrophie nonunion. A. Grossly unstable digit. B. Radiographs demonstrate lack of bony consolidation at the middle finger proximal 
phalanx after open fracture complicated b y osteomyelitis. (A and B from Balaram AK, Bednar MS. Complications after the fractures of metacarpal and 
phalanges. Hand Clin. 2010;26:169-177, with permission. Copyright Elsevier.) 


and extensor tendons and intact neurovascular structures. 
The risks and benefits of surgery, as well as the patients func- 
tional goals, must be carefully considered. Candidates must 
be medically fit to undergo surgery and be willing to comply 
with postoperative therapy. 5,7 

Surgical repair of a nonunion may occur when both clinical 
exam and radiographs point toward a diagnosis of nonunion. 


Contraindications 

Absolute contraindications to surgical treatment include 
those patients who are unable or unwilling to comply with 
an aggressive postoperative therapy program, especially 
when capsulotomy or tenolysis is planned. Amputation or 
arthrodesis may be the preferred treatment for a nonunion 



FIGURE 5-2 Hypertrophie nonunion. A. Radiograph taken 3 months after ring finger metacarpal shaft fracture. Little fracture sitecallus is présent. 
B. CT scan demonstrating metacarpal nonunion. C. Treatment consisted of nonunion debridement and rigid internai fixation with plate and screws. 
(A-C from Balaram AK, Bednar MS. Complications after the fractures of metacarpal and phalanges. Hand Clin. 2010;26:169-177, with permission. 
Copyright Elsevier.) 
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with severe contracture or arthrosis when bony union alone 
is not expected to improve the function of the digit or hand. 
Infected nonunions must be adequately debrided and free 
from infection prior to definitive fixation. 

Surgical Technique 

The patient is positioned supine with the upper extremity on 
a hand table, andplacedunder a general anesthésia. A well- 
padded, nonsterile tourniquet is placed high in the axilla. 
Intraoperative imaging is essential for bony fixation. A mini 
C-arm fluoroscopy unit is draped stérile and utilized from 
the axillary side of the hand table. 

ATROPHIC NONUNIONS 

An atrophie nonunion with bone loss at the level of the 
metacarpal or the proximal end of proximal phalanx can 
be approached from a dorsal midline skin incision over the 
nonunion site. Full thickness skin flaps are created and the 
extensor tendon is retracted to the side for the metacarpal 
nonunion, or is split longitudinally and retracted radially 
and ulnarly in the approach to the proximal phalangeal non- 
union. The periosteum is incised and elevated, and the non- 
union site is debrided of fibrous tissue or infection with a 
curette and dental pick. Nonunion site cultures are obtained, 
and then intraoperative antibiotics may be administered. 
Bony loss is grafted with autogenous cancellous bone from 
the distal radius or iliac crest. A 1.0-mL tuberculin syringe 
can be used to compress the cancellous bone into a semi- 
solid core to fill bony defects. 5 Rigid plating is performed 
with 6 cortices of fixation on either side of the nonunion. 
An MP and/or PIP joint capsulotomy and extensor and/or 
flexor tenolysis are performed if necessary. 3,6 The periosteum 
is closed over the plate with an absorbable suture, the exten¬ 
sor tendon is repaired, and the overlying skin is closed with 
a nonabsorbable suture. 

Repair of nonunions of the distal half of the proximal 
phalanx is undertaken from a midaxial skin incision extend- 
ing from the PIP joint flexion crease to the distal metacarpo- 
phalangeal (MCP) flexion crease. The subeutaneous tissues 
are elevated, with care taken to identify and retract the digi¬ 
tal neurovascular bundle palmarly. The oblique f ibers of the 
latéral band are retracted dorsally to expose the nonunion. 
The periosteum is elevated and the nonunion site is cultured, 
bone grafted, and stabilized as described above. At the level 
of the middle phalanx, a midaxial skin incision extending 
from the DIP to the PIP flexion crease is utilized. After the 
subeutaneous tissues are elevated and the digital neurovascu¬ 
lar bundle is retracted, the transverse retinacular ligament is 
divided along the midaxial line, while protecting the under- 
lying collateral ligament with a dental pick. The dorsal aspect 
of the transverse retinacular ligament and the latéral band 
are elevated dorsally and the palmar retinacular ligament is 
tagged with suture and retracted in a palmar direction for 
access to the nonunion site. After the nonunion is repaired, 


the transverse retinacular ligament is reapproximated prior 
to wound closure. 

An infected nonunion requires surgical debridement of 
ail devitalized bone and soft tissue, as well as intravenous 
antibiotic treatment. Areas of bone loss can be held out to 
length with an external fixator, bone cernent, or a K-wire 
spacer until definitive fixation. Bone grafting and bony fixa¬ 
tion with a plate and screws should take place once ail infec¬ 
tion is eradicated. 

HYPERTROPHIC NONUNIONS 

Plate and screw stabilization for hypertrophie nonunions of 
the metacarpal or proximal half of the proximal phalanx is 
performed through a dorsal approach, whereas repair of dis¬ 
tal proximal phalangeal and middle phalangeal nonunions 
is approached through a midaxial incision. In this case, the 
nonunion is debrided with a dental pick and curette only 
to the extent that a réduction can be obtained, and is then 
compressed with a plate and screw construct with 6 corti¬ 
ces of fixation on either side of the nonunion. Bone grafting 
is not necessary. The periosteum is closed over the plate, if 
possible, with absorbable suture and the tendon is repaired 
with a nonabsorbable suture. The skin is closed with a non¬ 
absorbable suture. Generally, the implant used should be 
1 size larger than that used for acute fracture fixation (eg, a 
2.0-mm instead of a 1.5-mm implant for the proximal pha¬ 
lanx) and remain in place indefinitely unless tendon or soft 
tissue irritation occurs. 5 Periarticular nonunions may be best 
treated with a T-shaped locking plate or condylar blade plate. 
Metacarpal and phalangeal nonunions may also be stabilized 
with K-wires, but there is a higher risk of failure with non- 
rigid fixation. Interosseous wires may increase the rigidity of 
the construct. 

Complications 

Outcomes of a nonunion repair include joint stiffness and 
contracture, infection, K-wire loosening or migration, 
intraosseous wire breakage, and plate-associated tendon 
irritation. Subséquent surgery may be necessary for plate 
removal, tenolysis, or capsulotomy. 3,7 

Outcomes 

Few reports on outcomes of the treatment of metacarpal 
and phalangeal nonunions hâve been published. The sériés 
of Jupiter et al 3 from 1985 consisted of 25 delayed unions 
and nonunions, of which 15 were associated with crush, 
machine-related, or gunshot injury mechanisms. Thirteen 
injuries were open, and 13 had an associated tendon, soft tis¬ 
sue, or nerve injury. Bony union was obtained in ail cases, 
but those nonunions treated with K-wires demonstrated a 
loss of motion and limited digital function. Of the 7 non- 
unions treated with lag screws and plates, 3 also underwent 
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acapsulotomy and tenolysis; the average postoperative gains 
in motion were limited realizing that larger and bulkier 
implants were used and nonlocking implants were not 
available. 


RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

Malunions of the Metacarpals 

Malunion is the most common complication after a meta- 
carpal or phalangeal fracture. 6 The musculotendinous forces 
acting on the fracture fragments resuit in reproducible pat¬ 
terns of metacarpal and phalangeal deformity, including 
shortening, malrotation, and angulation in the sagittal and 
coronal planes. Such deformity may cause aesthetic as well as 
functional problems for the patient. 

SHORTENING 

Spiral and oblique fractures of the metacarpal shaft can resuit 
in shortening at the fracture site due to the intrinsic and 
extrinsic flexor forces acting on the distal fracture fragment. 
For every 2 mm of metacarpal shortening, an average 7° 
MCP joint extensor lag 8 and 8% loss of grip strength results. 8,9 
However, the MCP joint hyperextends approximately 20°, 
and may compensate for metacarpal shortening up to 6 mm 
to achieve near-neutral MCP joint extension with little or 
no functional déficit or physical deformity. 8 Malunion with 
greater amounts of shortening may require open réduction 
and internai fixation with or without bone grafting for defor¬ 
mity correction and to regain metacarpal length. 

ANGULAR DEFORMITY 

Transverse and short oblique fractures of the metacarpal 
shaft and neck typically angulate with an apex dorsal defor¬ 
mity. Fractures doser to the midshaft produce greater angu- 
lar deformity and are more likely to resuit in a metacarpal 
head palpable in the palm. Sagittal plane angulation of 10° to 
15° in the index and middle metacarpals and 30° to 40° in the 
ring and small metacarpals is permissible, allowing normal 
digital function. 7 These functional ranges resuit from small 
amounts of carpometacarpal joint motion in the flexion- 
extension plane of the ring and small digits that compensate 
for the effects of the angular deformity at the fracture site. 
Deformity beyond this can be addressed with an opening 
or closing wedge osteotomy. An opening wedge osteotomy 
with cancellous bone graft is used for metacarpals with sub- 
stantial shortening to restore bony anatomy. 10 Closing wedge 
ostéotomies produce bony apposition with limited amounts 
of shortening, and correction of the angulation recoups 
some of the lost metacarpal length. Fixation of the osteotomy 
can be secured with a dorsal plate and screw construct with 
4 cortices of fixation on each side of the fracture. 


ROTATION AL DEFORMITY 

Metacarpal malrotation commonly results after spiral or 
oblique fractures. The cosmetic deformity can be prominent 
and is poorly tolerated as the entire digit is affected distal to 
the point of the malunion. Ten degrees of rotational deformity 
has been shown to resuit in 2 cm of digital overlap at the fin- 
gertips. 11 Deformity consisting of both rotational and angular 
components must be corrected at the fracture site, whereas 
pure rotational deformity can also be addressed at the meta¬ 
carpal base. Weckesser first described a transverse osteotomy 
through the metaphyseal metacarpal base to derotate meta¬ 
carpal and proximal phalangeal malunions. 12 This transverse 
osteotomy can correct 18° to 19° malrotation in the index, 
middle, and ring metacarpals and 20° to 30° in the small 
metacarpal. The degree of deformity correction is limited b y 
the deep trans verse metacarpal ligament. 13 The osteotomy is 
secured with a plate and screws. Alternatively, a step-cut oste¬ 
otomy through the metacarpal shaft provides 8.6 mm of rota¬ 
tional déviation of the fingertip for each 1 mm strip of dorsal 
cortex removed. 11 This osteotomy produces ample bony con¬ 
tact for healing and can be fixed with lag screws to allow for 
early range of motion. 11,14 

Malunions of the Phalanges 

ANGULAR DEFORMITY 

An apex palmar angulation typically results after a proximal 
phalanx fracture. The lumbricals flex the proximal fracture 
fragment and the central slip of the extensor tendon extends 
the distal fragment, creating the characteristic deformity. 
Angulation with shortening can cause functional déficits, as 
each millimeter of proximal phalangeal shortening leads to 
a 12° extensor lag at the PIP joint. 15 In addition to an exten¬ 
sor lag and flexion contracture, palmar angulation greater 
than 25° to 30° limits PIP flexion. 16 Such malunions can be 
treated by an opening wedge osteotomy, bone grafting, and 
K-wire or plate fixation. 17 A closing wedge osteotomy may 
also be employed, utilizing the intact dorsal periosteum as a 
hinge. The osteotomy is stabilized with a dorsally o r laterally 
placed plate. Coronal plane angulation may resuit in over¬ 
lap of adjacent digits, which is not well tolerated. 18 Varus or 
valgus angulation should be corrected along with any other 
concomitant plane of deformity, often with a laterally based 
opening or closing wedge osteotomy (Fig. 5-3). 

Middle phalangeal fractures angulate palmarly or dorsally 
depending on the location of the fracture with respect to the 
central slip of the extensor tendon and the insertion of the 
flexor digitorum superficialis tendon. Distal third fractures 
tend to resuit in apex palmar deformity, whereas proximal 
third fractures angulate dorsally. 19 

Most distal phalanx fractures are nondisplaced, as both the 
terminal slip of the extensor tendon and flexor digitorum pro- 
fundus tendons insert on the distal aspect of the phalanx. The 
nail plate acts as an external splint for these fractures. Only 
those that are substantially displaced and unstable benefit 
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FIGURE 5-3 Intra-articular malunion of the middle fmger distal inter- 
phalangeal joint. A. Varus angulation is appreciated at both the middle 
phalangeal condyle and the distal phalanx. B. Treatment with staged 
closing wedge ostéotomies of the middle and distal phalanges. 


from operative fixation to prevent a future nail deformity. 
The pédiatrie physeal fracture with a nail bed in jury must 
be opened so the nail matrix trapped in the fracture site can 
be removed and the physis can be reduced to prevent phy¬ 
seal and nail deformity. The distal phalanx and DIP joint are 
pinned percutaneously if the fracture is unstable (Fig. 5-4). 


SHORTENING 

Shortening occurs with short oblique, long spiral, or com- 
minuted fractures. Maintenance of fracture position after 
a closed réduction is difficult. Shortening alone is not an 
indication for operative treatment due to the potential com¬ 
plications of surgery, but shortening with angulation or 
malrotation may benefit from an opening wedge osteotomy 
with bone graft. 7 A shortened proximal phalanx fracture can 
resuit in a spike of bone that impinges on PIP joint flexion. 
This spike can simply be resected (Fig. 5-5). 6 

ROTATIONAL DEFORMITY 

Rotational deformity of the phalanges can resuit after an 
oblique or spiral fracture and, as with the metacarpals, is 
poorly tolerated. Any overlap of the digits or lack of digital 
convergence toward the scaphoid tubercle while the patient 
makes a fist may indicate a rotational deformity Malrotation 
can be missed if the digits are examined in the extended 
position, although the plane of the fingertip can détermine 
if there is abnormal pronation or supination. An osteotomy 
can be performed either at the fracture site (Fig. 5-6) or at 
the base of the metacarpal using a transverse or modified 
step-cut osteotomy. The transverse osteotomy is technically 
easier and avoids violating the extensor tendon at the proxi¬ 
mal phalanx level, but limited amounts of correction can be 
obtained. 

Intra-articular Malunions 

Unreduced intra-articular condyle fractures of the metacar¬ 
pal and phalanx can cause deformity, joint stiffness, a nd pain, 
and may eventually culminate in posttraumatic arthritis. The 
treatment of intra-articular malunions remains challenging. 
The reconstructive options include an intra- or juxta-articular 
osteotomy Young patients without signs of joint degen- 
eration may benefit from an intra-articular osteotomy, to 



FIGURE 5-4 Adolescent Seymour fracture. A. Latéral radiograph demonstrated a physeal fracture. B. Open treatment revealed that the nail bed was 
interposed in the physis as well as a full thickness nail bed burn from nail plate trephination at the time of initial treatment. 
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FIGURE 5-5 Middle finger proximal phalanx fracture that healed in a shortened position. A and B. The resulting volar bony spike of the proximal 
fragment limited PIP joint flexion. C. Resection of the bony spike restored full flexion. 


reduce the articular surface and restore alignment (Fig. 5-7). 
Less commonly, these malunions occur in the sagittal plane 
(Fig. 5-8). An intra-articular osteotomy is technically diffi- 
cult, and is ideally performed before the fracture has com- 
pletely healed. 5 The osteotomy is most easily undertaken 


when the fracture line is visible, bone quality is good, and 
fracture fragments are amenable to stable fixation and early 
range of motion. 7 20 For a late osteotomy, Teoh et al described 
a condylar advancement osteotomy for mature unicondylar 
malunions of the proximal and middle phalanges. A wedge 



FIGURE 5-6 Rotational and angular deformity of the proximal phalanx. A. Radiograph demonstrating malunion with malrotation and varus 
angulation. B. Treatment with a dual-plane osteotomy and rigid internai fixation. 
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FIGURE 5-7 Intra-articular malunion ofthe proximal phalanx condyle. A. Déviation and rotation of the digit. B. Radiograph demonstrating the 
valgus deformity of the malunion. C. Open treatment with intra-articular osteotomy with s crew and K-wire fixation to restore articular joint congruity. 


of intercondylar callus is resected, foliowed by an osteotomy 
and advancement of the larger bony fragment including 
the malunited condyle to obtain articular congruity. This 
approach créâtes an articular bone block that is easier to 
realign and secure with screws. 21 

Extra-articular ostéotomies correct angular and rota- 
tional deformity but do not address articular incongruity, 
which may leave the patient with pain and joint stiffness. 22 
Interphalangeal joints with degenerative changes are less 
likely to benefit from an intra-articular osteotomy and may 
be better suited for arthrodesis. 20 The PIP and DIP joints 
of the fingers and IP and MCP joints of the thumb tolerate 
fusion well and provide satisfactory function. 23 A hemiha- 
mate osteochondral graft is also a viable treatment option for 
restoring PIP motion. 24 



FIGURE 5-8 Proximal phalangeal malunion in a pédiatrie patient. 

A. Latéral radiograph demonstrating the sagittal plane malunion. 

B. Treatment with open réduction and internai fixation. 


Indications 

Surgical correction of a metacarpal or phalangeal malunion 
is appropriate for patients where digital dexterity or hand 
function can be realistically improved. Indications may 
include pain from a prominent metacarpal head, pseudo- 
clawing, and malrotation of the fingertip greater than 10°. 
The risks and benefits of surgery, as well as the patients func- 
tional goals, must be considered. Patients must be medically 
fit for surgery and be willing to comply with postoperative 
therapy. 5,7 

The timing of surgical correction for malunion shapes 
the treatment strategy and outcome. The osteotomy is indi- 
cated as soon as it is évident that the malunion is respon- 
sible for a functional déficit. Early intervention, before the 
fracture is completely healed (up to 10 weeks after in jury), 
may allow for a takedown of immature callus to restore the 
original fracture site that allows for an anatomie réduction. 
Correction during this time period is also often prior to the 
development of tendon adhesions and joint contracture. 5,10 If 
stiffness is présent or an osteotomy is not feasible early on, 
correction should be undertaken in a delayed fashion (at or 
after 3 months), when digital range of motion has plateaued 
after a trial of formai hand therapy. 10 Intra-articular mal¬ 
unions are optimally addressed when the fracture plane is 
visible and bone quality is adéquate for solid fixation. This 
should take place within 4 to 6 months from in jury so that 
damage to the articular cartilage is minimized. 25 A juxta- 
articular osteotomy may be performed on a late basis. 10,20 


Contraindications 

Patients who are unable or unwilling to comply with an 
aggressive postoperative therapy program, especially when 
capsulotomy or tenolysis is planned, should not undergo 
surgical correction. 
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In most cases, an osteotomy should be performed only 
after the digital motion has plateaued. Phalangeal shortening 
alone is rarely an indication for a corrective osteotomy due 
to the risk of tendon adhesion and adjacent joint stiffness. 
A multiplanar deformity that includes a loss of phalangeal 
length is an indication for a corrective osteotomy and bone 
grafting to restore the bony length. 7 

Surgical Technique 

The patient is positioned supine with the upper extremity on 
a hand table, and placed under a general anesthésia. A well- 
padded, nonsterile tourniquet is placed high in the axilla. 
A mini C-arm fluoroscopy unit is draped stérile and brought 
in from the axillary side of the hand table. 

OPENING WEDGE OSTEOTOMY FOR 
SAGITTAL PLANE DEFORMITY OF THE 
METACARPAL AND PHALANX 

Preoperative planning is critical to détermine the size of the 
opening wedge to correct the deformity. On the latéral radio- 
graph of an apex palmar deformity, a line is drawn paral- 
lel to the long axis of the proximal fragment and a second 
line is drawn parallel to the long axis of the distal fragment. 
Another line is drawn parallel to each of the first 2 Unes. The 
intersection of the second 2 Unes delineates the angle of the 
bony opening wedge to be created. 18 

A 1 - to 2-cm dorsal longitudinal midline skin incision is 
centered over the malunion site and full thickness skin flaps 
are raised. Extensor tendon adhesions are lysed during the 
dissection. The extensor tendon is retracted to the side of 
the metacarpal or split in line with its fibers over the proxi¬ 
mal phalanx. The underlying periosteum is reflected from 
the malunion site. The proposed bone eut is marked perpen- 
dicular to the long axis of the distal fragment. Smooth 0.045- 
in K-wires are placed perpendicular to the long axis of the 
proximal and distal fragments in a dorsal to palmar direc¬ 
tion, at a distance from the osteotomy site. A near-complete 
transverse osteotomy is made parallel to the distal K-wire 
at the apex of the deformity from dorsal to palmar with an 
oscillating saw. The kerf of the saw blade should be less than 
1.0 mm to minimize excessive bone resection. 17 ’ 26 The saw 
must be used with care to prevent a tendon in jury. The pal¬ 
mar cortex and periosteum are left intact and the osteotomy 
is completed with an osteotome. The K-wires are aligned 
until they are parallel, creating a palmar, wedge-shaped gap 
in which cancellous bone graft from the distal radius or iliac 
crest is matched to fill the defect. The osteotomy is fixed in 
place with 1 or two 0.045-in smooth K-wires in an oblique 
fashion and the extensor tendon is repaired with nonabsorb- 
able suture. After 3 weeks of immobilization, the K-wires are 
removed and active and passive finger motion is begun. 

Alternatively, a dorsal miniplate may be utilized with 
3 points of fixation on each side of the osteotomy. Fixation 
with plate and screws must be meticulous since as little as 


1-mm offset in screw hole placement can lead to 10° of rota¬ 
tion. 10 The periosteum should be closed over the plate with 
absorbable suture. Locking plates should be considered for 
bone loss or ostéopénie bone. 7 A stable plate and screw con- 
struct enables active and passive motion to begin 2 to 3 days 
postoperatively. 

CLOSING WEDGE OSTEOTOMY FOR 
SAGITTAL PLANE DEFORMITY OF THE 
METACARPAL AND PHALANX 

Preoperative planning is essential. On the latéral radiograph, 
a line is drawn perpendicular to both the proximal and dis¬ 
tal joint lines. The angle formed by the intersection of these 
lines represents the size of the closing wedge. 

A dorsal longitudinal midline skin incision is centered 
over the malunion site. Full thickness skin flaps are created 
and an extensor tenolysis is performed if needed. The exten¬ 
sor tendon is split in line with its fibers (over the phalanx) or 
retracted to the side (over the metacarpal) and the perios¬ 
teum is dissected from the malunion site. Smooth 0.045-in 
K-wires are placed in the proximal and distal fragments in a 
dorsal to volar direction, parallel to the respective joint lines, 
to serve as reference points. The first osteotomy is a near- 
complete transverse osteotomy made perpendicular to joint 
line of the larger bone fragment with an oscillating saw, 26 
leaving the palmar cortex and periosteum intact. A second 
near-complete osteotomy is made perpendicular to the distal 
joint line, with the far edge of the osteotomy ending at the 
tip of the first bone eut to create a wedge of bone. The resec¬ 
tion is completed with an osteotome and the bone wedge is 
removed. The K-wires are brought together until the bony 
edges are opposed and the deformity is corrected. The oste¬ 
otomy is fixed in place with 1 or 2 obliquely oriented 0.045-in 
smooth K-wires. The extensor tendon is repaired. The digit is 
immobilized for 3 weeks, and then the K-wires are removed 
and passive and active finger motion is begun. Fixation may 
also be undertaken with a dorsal compression miniplate. 
Loosely fixing the plate to the bone with a single screw and 
rotating it out of the way prior to the osteotomy simplifies 
the plate fixation. Three points of fixation are obtained on 
each side of the osteotomy. The periosteum is closed over 
the plate with absorbable suture, if possible. Plate and screw 
fixation allows postoperative finger motion to begin within 
2 to 3 days. Typically, a 2.0-mm straight plate is used for the 
metacarpal and a 1.5-mm platefor the proximal phalanx. 18,26 

TRANSVERSE OSTEOTOMY FOR 
ROTATION AL DEFORMITY OF 
THE METACARPAL AND PHALANX 

A dorsal longitudinal skin incision is made over the meta¬ 
carpal, extending 5 cm distal to the CMC joint. Full thick¬ 
ness skin flaps are raised, the extensor tendon paratenon 
is preserved, and the tendon is retracted to the side. The 
periosteum is dissected off the bone in line with the skin 
incision. A 2.0- or 2.4-mm T plate is sized and contoured 
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to the metacarpal base. The osteotomy site is marked at 
the metaphyseal base. The holes in the horizontal portion 
of the plate are positioned over the metacarpal base so that 
at least 3 holes in the plate lie distal to the osteotomy site. 
These metacarpal base holes and the first hole distal to the 
osteotomy site are predrilled unicortically. An oscillating 
saw is used to make a transverse osteotomy at the proposed 
site. A 0.054-in K-wire is placed in the drill hole distal to the 
osteotomy to rotate the distal fragment. Optimal derotation 
is achieved when the patients digits converge toward the 
scaphoid tuberosity with passive finger flexion. A second 
K-wire is passed transversely through an adjacent metacar¬ 
pal into the distal fragment to hold the réduction. The first 
K-wire is removed and the T plate is fixed to the metacarpal 
base at the predrilled holes. The most proximal shaft screw 
is drilled and filled with a unicortical screw in a compression 
mode. The transverse K-wire is removed and the remaining 
2 distal screws are placed. An absorbable suture is used to 
close the periosteum over the plate and the extensor tendon 
is anatomically repositioned. The skin is closed with a non- 
absorbable suture and the digit is immobilized. Active finger 
motion is begun within 2 to 3 days after surgery with protec- 
tive splinting for 3 weeks. 27 

MODIFIED STEPCUT OSTEOTOMY 
FOR METACARPAL AND PHALANGEAL 
ROTATIONAL DEFORMITY 

The metacarpal step-cut osteotomy is idéal because i t affords 
précisé correction, control of the bony fragments, a large sur¬ 
face area for healing, and minimal fixation with lag screws. 14 
Using a step-cut allows the metacarpal to be eut by 2 hemi- 
transverse cuts spaced 2 to 3 cm apart. The deformity is 
corrected through resection of a dorsal wedge of bone that 
connects these hemitransverse cuts. Before the surgical pro¬ 
cedure, the amount of rotational deformity is measured. The 
deformity is largest at the midpoint of finger flexion and 
decreases as the finger moves into a fully flexed position. 
At the maximal point of deformity, the degree of rotation is 
estimated compared with the normal position of the finger. 
This measurement is used to détermine the amount of dor¬ 
sal bone resection needed for correction, with the guideline 
that 2 mm of resection achieves a 20° or 2-cm correction 
at the fingertip. The direction of the transverse step-cuts is 
marked on the skin before incision to help visualize the posi¬ 
tion of the cuts. A dorsal longitudinal incision is made over 
the metacarpal shaft of the affected finger. The extensor ten¬ 
don is retracted and periosteum over the metacarpal shaft 
is opened longitudinally. An oscillating saw is used to make 
a hemitransverse eut in the proximal and distal diaphysis. 
Because the proximal segment of the metacarpal is fixed by 
ligamentous attachments to the carpus, the distal segment 
is rotated to achieve the correction. The distal hemitrans¬ 
verse eut is made in the direction of the deformity. The cuts 
are placed on opposite sides of the shaft, as determined by 
the direction of derotation, approximately 2.5 cm apart. Two 
parallel, dorsal longitudinal cuts are made to remove a strip 


of bone, leaving the volar cortex intact. The dorsal cortical 
gap is reduced with a pointed réduction forceps, cracking 
the volar cortex while keeping the periosteum intact. The 
digital rotation is checked with passive flexion and extension 
of the wrist and metacarpal joint, using the tenodesis effect 
on the digits. A wider strip of dorsal cortex sometimes needs 
to be taken to achieve full correction. Fixation is achieved 
with 1.5- or 2.0-mm lag screws placed in an interfragmen- 
tary manner. Digital motion is started the day after surgery, 
with protective splinting for comfort for 3 weeks. 

INTRA-ARTICULAR OSTEOTOMY FOR MALUNION 
OF THE METACARPAL AND PHALANX 

A dorsal longitudinal skin incision is employed, retracting 
the extensor tendon over the metacarpal or splitting the 
tendon over the phalanx. The fracture site is identified and 
exposed with a dental pick, Freer elevator, or small osteo- 
tome, while preserving the collateral ligaments and joint 
capsule. Immature callus is removed, the articular fragments 
are mobilized, and the joint surface is realigned. Provisional 
réduction is held with K-wires and fragments are fixed with 
intraosseous wires, K-wires, screws, or a minicondylar blade 
plate. A concomitant capsulotomy and tenolysis may also be 
performed to improve digital motion. The extensor tendon 
is repaired with nonabsorbable suture and the skin is closed. 
The digit is immobilized and K-wires are removed after 
3 weeks. Solid fixation with plate and screws allows for early 
active range of motion. 

A condylar advancement osteotomy can be used to cor¬ 
rect a phalangeal condylar malunion. A longitudinal dorsal 
midline skin incision is made and the extensor tendon is 
split in the midline. The joint is flexed to facilitate visualiza- 
tion. A longitudinal midline phalangeal osteotomy is made 
with an oscillating saw, starting at the articular surface and 
extending 1 to 1.5 cm proximally. A second, transverse oste¬ 
otomy is made at the distal end of the longitudinal osteotomy 
to create a box-shaped bony fragment that incorporâtes the 
malunited condyle. A wedge of bone lying between the oste¬ 
otomy edge and the intra-articular extent of the fracture is 
removed from this fragment with a burr or osteotome. This 
additional resection corrects the malrotation and allows the 
bony block to lie flush against the shaft when it is advanced 
distally to restore the articular congruity. K-wires hold the 
réduction while two 1.5-mm interfragmentary screws are 
used to fix the bony block to the shaft. Care must be taken 
with the soft tissue handling to minimize the risk of avascu- 
lar necrosis of the condyle. A capsulotomy may improve the 
passive motion. The extensor tendon is repaired and the skin 
is closed with a nonabsorbable suture. The digit is immobi¬ 
lized and early active finger range of motion is begun on the 
second postoperative day. 21 

Complications 

Complications include infection, joint stiffness, K-wire loos- 
ening or migration, incomplète or loss of correction, and the 
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need for additional surgery for tenolysis, implant removal, 
or refracture. 718 Risks of juxta- and intra-articular osteotomy 
also include collateral ligament in jury and avascular necrosis 
of the metacarpal head. 18>25 

Outcomes 

Gollamudi and Jones 22 obtained good and excellent results in 

5 patients who underwent 6 metacarpal derotational ostéoto¬ 
mies. They achieved an excellent resuit in 1 and fair results in 
4 phalangeal malunions treated with phalangeal osteotomy 
fixed with intraosseous wiring. Three of the latter were intra- 
articular malunions treated with an extra-articular osteot¬ 
omy. Jawa et al 14 reviewed 12 patients with a mean âge of 
32 years (range, 14-55 years) with a scissoring deformity due 
to a malunion who were treated with a derotational step-cut 
osteotomy. The average duration of folio w-up was 25 months 
(range, 4-68 months). Seven original fractures involved the 
metacarpal and 5 involved the proximal phalanx. Seven of 
the 12 patients hadtheir initial fractures managed surgically 
and 7 patients had limited range of motion before the proce¬ 
dure. Ail of the ostéotomies united. Ail patients maintained 
or improved their total active motion after the osteotomy. 
The average preoperative total active motion of the involved 
digit was 214°, whereas the average postoperative total active 
motion was 251°. Five patients had full total active motion 
before the osteotomy that was unchanged by the proce¬ 
dure. Three patients who had limited preoperative motion 
regained full motion after the osteotomy. Four patients did 
not hâve full motion after treatment owing to preoperative 
stiffness. One patient did not achieve full deformity cor¬ 
rection, but had acceptable alignment postoperatively with 
approximately 5° of rotatory malalignment. Light 20 treated 

6 intra-articular PIP joint malunions with intra-articular 
osteotomy between 6 weeks and 1 year after in jury. He dem- 
onstrated substantial gains in motion in 5 digits and a 100% 
bony union rate, and ail patients experienced postoperative 
pain relief. Büchler et al 10 reviewed the results of corrective 
ostéotomies performed in 59 phalangeal multiplanar mal¬ 
unions with a concomitant capsulotomy and tenolysis in half 
of the cases. They demonstrated a satisfactory correction in 
76% of patients with net gains in motion in 89%. There were 
no nonunions. 
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INTRODUCTION 

Metacarpophalangeal (MCP) joint and proximal inter¬ 
phalangeal (PIP) joint arthroplasty are common surgical 
treatments for patients suffering from joint pain, stiffness, 
and deformity. Rheumatoid arthritis, with a reported prev- 
alence of 1% in the US population, 1 commonly requires 
MCP and PIP arthroplasty. Osteoarthritis has an overall 
prevalence of 3% to 7 % in US adults, 2 and PIP joint arthro¬ 
plasty may be indicated if the appropriate conditions are 
met. MCP joint arthroplasty, on the other hand, is rarely 
applied in osteoarthritis because MCP joint osteoarthritis 
is uncommon. 

Osteoarthritis is a localized disorder, characterized by 
a détérioration of the articular cartilage that leads to a pro¬ 
gressive structural and functional loss at the joint. As this 
détérioration occurs, the subchondral bone responds to the 
changes and attempts to limit the damage via endochondral 
ossification and the formation of osteophytes at the peripheral 
joint surface. The joints of the hand most commonly affected 
by osteoarthritis are the distal interphalangeal joints (35% of 
osteoarthritic subjects) and the carpometacarpal joint of the 
thumb (21% of osteoarthritic subjects). 3 In addition, 50% of 
patients with DIP involvement also hâve PIP joint involve¬ 
ment, 4 whereas MCP joint involvement is rare in osteoarthritis. 

Rheumatoid arthritis is a systemic disease affecting the 
synovial tissue of the joints, which destroys the articular car¬ 
tilage, invades the subchondral bone, and stretches the sup- 
porting flexor and extensor tendons. Unlike osteoarthritis, 
reparative changes are rare during the progression of rheu¬ 
matoid arthritis. In addition, involvement of 1 joint can affect 
the balance of the flexor and extensor forces across adjacent 
joints, resulting in a disruption of the normal architecture 
of the hand and wrist. Typically, the wrist is the earliest and 
most frequent site of involvement in RA, in addition to the 
MCP and PIP joints. 


In the MCP joint of the fingers, an arthroplasty is gen- 
erally preferred over a joint effusion to preserve motion. 
The surgical options available for treatment in the PIP 
joints are dépendent on the fingers affected. In the little 
and ring fingers, where motion is very important for power 
grip, implant arthroplasty is preferred. In contrast, in the 
index and middle fingers an arthrodesis is preferred as 
they are used mostly for chuck pinch, and there is a higher 
risk of implant dislocation or fracture. 5 In situations where 
PIP motion is désirable, however, an arthroplasty may be 
performed. 6 


METACARPOPHALANGEAL JOINT AND 
PROXIMAL INTERPHALANGEAL JOINT 
ARTHROPLASTY IN PATIENTS WITH 
OSTEOARTHRITIS 

Rationale and Basic Science 
Pertinent to the Procedure 

The typical physical findings of the osteoarthritic hand may 
reveal Heberden and Bouchard nodes located at the DIP 
and PIP joint, respectively. Early radiographie findings are 
characterized by joint space narrowing and osteophyte for¬ 
mation. 7 More advanced stages include a broadening at the 
base of the phalanx, increased density of the bone ends, and 
irregularities at the joint surfaces. 8 It should be noted that 
symptom severity does not always correlate with the radio¬ 
graphie findings, so MCP and PIP joint arthroplasty should 
be based on the patients’ complaints and symptom severity. 7 

Pyrolytic carbon implant designs consist of modular 
proximal and distal components that require minimal bone 
resection while preserving the collateral ligaments, which 
makes them well suited for MCP and PIP joint arthroplasty 


61 


62 


Section I Hand 


in osteoarthritis. 9-12 Unconstrained implants, 11,13 however, 
are not appropriate for unstable joints. One long-term study 
demonstrated good patient outcomes 1 ' 1 with a 16-year survival 
rate of 84%. A more recent paper, however, demonstrated 
high complication rates ranging from 37.5% to 42.9%. 15 


Indications 

Indications for MCP and PIP joint arthroplasty for patients 
with osteoarthritis include pain at rest, loss of strength, and 
morning stiffness foliowing a trial of failed conservative 
treatment with médication, activity modification, splinting, 
and intrasteroid injections. 

Contraindications 

Contraindications include inadéquate soft-tissue coverage 
and recent joint infection. 


Surgical Technique 

The procedure is done under fluoroscopie control with the 
patient under régional anesthésia, in the supine position 
using a tourniquet inflated to 250 mm Hg. Instrumentation 
includes a starter awl, an oscillating saw, and an oblique oste- 
otomy guide in addition to the instrumentation accompany- 
ing the implant System. 

MCP JOINT ARTHROPLASTY 

A dorsal “lazy S”-shaped incision is made over the MCP 
joint for a single joint arthroplasty. The radial sagittal band 
is incised to expose the MCP joint, and any osteophytes are 
excised after resecting the metacarpal head. 

The starter awl is inserted into the metacarpal head to 
enlarge the medullary canal. The prepared canal should be 
parallel to the long axis of the metacarpal bone and from 
one-half to two-thirds of the metacarpal bone length. The 
proximal osteotomy guide with a 27.5° palmarly angled slot 
is then placed on an alignment awl, and an oscillating saw is 
used to resect the metacarpal head with the MCP joint held 
in flexion (Fig. 6A-1 A). The osteotomy should be performed 
1.5 mm distal to the origin of the collateral ligaments at the 
metacarpal head in order to preserve the ligaments. A partial 
eut is made through the dorsal cortex, and then the osteot¬ 
omy guide and alignment awl are removed before complet- 
ing the osteotomy of the metacarpal head. 

A starter awl is then used to enlarge the medullary canal 
at the base of the proximal phalanx. As in the metacarpal 
bone, the starter awl can be advanced from one-half to two- 
thirds of the length of the proximal phalanx. A 5° dorsally 
angled osteotomy is performed using the osteotomy guide 
at the base of the proximal phalanx (Fig. 6A-1B). A sériés 
of broaches are then used in consecutive order to enlarge 
the medullary canal and provide the appropriate amount of 
space for the implant. The trial implant is inserted to be sure 
it fits well into the defect. The permanent implant tends to be 


slightly larger than the trial implant, and should be press-fit 
gently into the canal. 

Once the implant has been placed, the joint capsule and 
radial sagittal band are repaired with absorbable sutures, 
after which time the tourniquet is deflated and bipolar 


Metacarpal bone 



Proximal 
osteotomy guide 




Alignment awl 


Proximal phalanx 


A 



B 

FIGURE 6A-1 A. An osteotomy guide tilted at 27.5° distally is placed 
on an alignment awl, and an oscillating saw is then used to remove the 
metacarpal head. B. An oscillating saw is utilized to perform an oste¬ 
otomy at the base of the proximal phalanx. 
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FIGURE 6A-2 A. During PIP joint arthroplasty for osteoarthritis, a lazy S-shaped incision provides wide exposure of the joint. B. The head of the 
proximal phalanx is resected just 1 to 2 mm distal to the collateral ligaments (shown by arrow). 


electrocautery is used to achieve hemostasis. The incisions 
are closed with interrupted absorbable sutures in the dermis 
and interrupted horizontal mattress nylon sutures to approx- 
imate the skin. Following the procedure, the joint should 
be kept in extension with a well-padded plaster splint for 
6 weeks followed by progressive mobilization. 

PIP JOINT ARTHROPLASTY 

For PIP joint arthroplasty, we prefer a dorsal approach 
using a lazy S-shaped incision to provide wide exposure of 
the joint (Fig. 6A-2A). A tendon-splitting incision is used 
to expose the PIP joint, because it allows for a side-to-side 


tendon closure and potentially avoids a PIP extension lag 
by preserving the central slip attachment. We hâve modi- 
fied the procedure by resecting the head of the proximal 
phalanx at the flare, which provides a superior exposure to 
the medullary cavity for broaching, and hâve found this to 
be much more efficient than to place the starter awl over the 
tight, arthritic PIP joint. An oscillating saw is used to resect 
the head of the proximal phalanx just 1 to 2 mm distal to the 
collateral ligaments (Fig. 6A-2B). A sériés of broaches are 
then used as described previously to enlarge the medullary 
canal. A 60° oblique cutting guide is used to complété a volar 
oblique osteotomy, which fits the anatomie condylar design 
of the implant (Fig. 6A-3A and B). 



FIGURE 6 A-3 A. The oblique cutting guide is seen inserted into the medullary canal at the head ofthe proximal phalanx. B. The oblique cutting guide 
is set at 60° and directs an oscillating saw to complété a volar oblique osteotomy that will shape the proximal phalanx to fit the implant. 
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To préparé the middle phalanx for the implant, a small 
oval bur is initially used to enlarge the medullary canal. A 
sequential sériés of broaches is then used to expand the med¬ 
ullary canal to the appropriate size for the implant without 
any bony resection. The size of the implant in the middle pha¬ 
lanx dictâtes the size of the proximal implant. For example, a 
#20 implant for the middle phalanx can match with a #20 or 
a #30 implant for the proximal phalanx. Typically, the middle 
phalangeal bone is quite hard, which makes broaching dif- 
ficult, and a smaller implant is more appropriate, whereas 
the proximal phalanx has a more generous medullary cavity 
capable of accommodating an implant that is 1 size larger. 
One can mismatch an implant that is 1 size larger for the PIP 
joint, whereas for the MCP joint, no mismatch is permitted. 
A trial implant is used as a model to make sure the correct 
implant size is used, and once the proper size is selected, the 
implant is inserted into the medullary canals of the proximal 
and middle phalanx andgentlytapped into place. The exten- 
sor tendon is then sutured in a side-to-side fashion, foliowed 
by closure of the skin, and the finger is splinted in exten¬ 
sion. Figure 6A-4A and B shows the implant postoperatively 
at 2 months. 

• It is important to preserve the collateral ligaments. 

• Dorsal and palmar stability and the position of the implant 
should be checked fluoroscopically prior to closure. 

• Any osteophytes and ridges must be completely removed. 
An osteophyte as small as 1 mm can prevent full seating 
of the implant. 


Some authors recommend silicone implant arthroplasty 
for OA, 16,17 but we favor pyrolytic carbon implant arthro¬ 
plasty because these patients generally hâve competent liga¬ 
ments and adéquate capsular support that help to prevent 
implant dislocation. 

Complications 

Extensor tendon rupture and chronic pain after MCP 
joint arthroplasty, requiring implant removal, hâve been 
reported. 10 Implant fracture in the proximal phalanx may 
also occur. 18,19 Ono et al documented that 62% of pyrolytic 
carbon implants had radiographie loosening at 44-month 
follow-up, whereas 33% had joint subluxation. Most of these 
complications occurred in the index and middle fingers. 5 

Outcomes 

There is a paucity of studies on the use of pyrolytic MCP 
arthroplasty for OA. Parker et al reviewed 17 pyrolytic MP J 
replacements in 15 patients with an average âge of 55 years 
(range, 21-77 years). The preoperative average MPJ flexion 
was from 21° to 66°. At an average follow-up of 17 months 
(range, 3-42 months) the analog pain score decreased from 
75.2 to 8.5 of 100. The postoperative average motion arc 
increased from 15° to 73° of flexion with an MCP exten¬ 
sion lag decrease of 28%. This represented an increase in 



FIGURE 6A-4 A. PA radiograph of patient with pyrolytic pyrocarbon implant in the middle finger for osteoarthritis at 2 months postoperative. 
B. Latéral radiograph of the same patient at 2 months postoperative. 
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MCP motion arc from 44° to 58° that was not statistically 
significant. 10,11 

Rettig et al reviewed 12 patients with an average âge of 
62 years (range, 48-79 years) foliowing 13 silicone MCP 
joint implant arthroplasties for idiopathic osteoarthritis. 17 At 
an average foliow-up of 40 months (range, 9-132 months), 
9 patients (10 implants) reported greater than 75% func- 
tional improvement. MP J flexion averaged 53° preoperatively 
and 59° at the final follow-up. Six patients gained between 
5° and 40° arc of MCP motion, but 6 patients lost between 
2° and 15° arc of motion. The average radioulnar déviation 
was 6°. The average pinch strength for the group was 3.83 kg 
(range, 1.35-7.88 kg), and the average grip strength was 21.6 kg 
(range, 10.8-33.3 kg) on the operated hand as compared with 
24.75 kg (range, 15.75-33.75 kg) for the contralatéral hand. 

Mashhadi et al analyzed the results of 24 pyrolytic PIP 
joints in 19 hands of 16 patients and reported a 10° improve¬ 
ment in the mean active range of motion at a mean follow-up 
of 48 months. 15 We reviewed our expérience in 13 patients 
who underwent 21 PIP pyrocarbon implants. At a mean 
follow-up of 44 months, there was no statistical improve¬ 
ment in grip strength, key pinch strength, and active arc of 
motion, but ail domains of the Michigan Hand Outcomes 
Questionnaire showed improvement, especially pain and sat¬ 
isfaction. There were, however, 10 complications in 9 joints. 5 

Tuttle and Stern reviewed 18 pyrolytic PIP arthroplasties 
in 8 women aged 62 years (range, 52-71) with severe OA, 
at an average follow-up of 13 months (range, 6-30). 20 The 
average preoperative ROM was 10° to 63°, and the average 
postoperative ROM was 18° to 71°, with increased motion 
in 9 joints and decreased motion in 9 joints. Ail joints were 
stable laterally, but the x-rays showed 2 cases of loosening at 
4 months. Complications included 8 s queaky joints, 5 joint 
contractures, and 2 dislocations. Pain was relieved com- 
pletely in 8 joints, with a VAS of 3.6 out of 10 for 8 patients. 
Although there was residual deformity in 4 joints, patients 
believed that 15 of 16 joints had improved in appearance. 


METACARPOPHALANGEAL JOINT AND 
PROXIMAL INTERPHALANGEAL JOINT 
SILICONE IMPLANT ARTHROPLASTY 
IN PATIENTS WITH RHEUMATOID 
ARTHRITIS 

Rationale and Basic Science 
Pertinent to the Procedure 

In MCP joint and PIP joint arthroplasty for rheumatoid 
arthritis, silicone implants are indicated because these 
linked implants provide greater stability than pyrocarbon 
implants from the deforming forces and weak ligament 
support common with this type of arthritis. 21 The more 
proximal joints should always be treated before the distal 
joints, because deformities in the proximal joints affect the 
position of the distal joints. 7 The wrist deformity should be 


corrected before the MCP joints because a persistent wrist 
deformity will resuit in early récurrence of ulnar déviation 
at the MCP joints. 

Indications 

Indications for MCP joint arthroplasty include ulnar dévia¬ 
tion and volar subluxation at the MCP joint resulting in 
stiffness and pain, as well as a decreased arc of motion of 
40° or less, coupled with poor function of the fingers. 22 
Indications for PIP joint arthroplasty include an established 
swan neck deformity and limited PIP joint motion with joint 
destruction. 

Contraindications 

Contraindications for both the MCP and PIP joints include 
infection or bone loss in the joint, or an absence of adéquate 
soft-tissue coverage of the joint. For the MCP joint, arthro¬ 
plasty should exclude patients who are able to achieve an 
active arc of motion greater than 60 °, because arthroplasty 
may not always improve the arc of motion beyond this arc 
postoperatively. 22 An arthroplasty is not recommended in 
patients with a boutonnière deformity, since a large amount 
of bone must be resected to properly seat the implant, 
resulting in the destruction of the collateral ligaments, lead- 
ing to decreased stability. 23 When severe joint involvement 
exists at both the MCP and PIP joints, it is recommended 
to perform arthroplasty for the MCP joint and arthrodesis 
for the PIP joint to provide the highest level of stability and 
functionality. 

Surgical Technique 

MCP JOINT ARTHROPLASTY 

For a single joint replacement, a dorsal “lazy S”-shaped inci¬ 
sion is made over the MCP joint. For multiple joint replace¬ 
ments, a dorsal transverse incision is performed over the 
head of the metacarpals, with careful préservation of the 
longitudinal dorsal veins (Fig. 6A-5A). The ulnarly devi- 
ated extensor tendon is identified, and the radial sagittal 
band is incised to expose the MCP joint. A synovectomy is 
performed. The metacarpal heads are exposed and resected 
transversely at the metacarpal neck level using an oscillating 
saw distal to the origin of the collateral ligament (Fig. 6A-5B). 
Any contracted ulnar latéral bands are released. An awl is 
then used to enlarge the medullary canal at the base of the 
proximal phalanx (Fig. 6A-6). 

The canal is enlarged using consecutively larger b roaches 
(Fig. 6A-7). Two drill holes are made with a 0.035-in 
Kirschner wire on the radial side of the metacarpal bone, 
and 3/0 nonabsorbable braided sutures are placed through 
the 2 holes. A trial implant was inserted and adéquate stabil¬ 
ity was assessed. The final implant is then inserted using a 
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FIGURE 6A-5 A. For MCP joint arthroplasty in RA patients, a dorsal transverse incision is made over t he head of the metacarpals. B. Following 
exposure of the metacarpal heads, they are eut in a transverse fashion distal to the collateral ligaments. Care must be taken not to damage the collateral 
ligaments due to their proximity to the osteotomy site. 


no touch technique. After the implant is inserted, the radi- 
ally placed 3/0 sutures are used to reattach the radial col¬ 
lateral ligament to the metacarpal bone (Fig. 6A-8A-C). If 
necessary, the ulnar sagittal band is released to centralize 
the tendon over the metacarpal head. Once ail of the liga- 
mentous structures and tendons are reattached and the inci¬ 
sion closed, the MP joint should be splinted in extension for 
6 weeks using a dorsal outrigger, but PIP and DIP flexion 
is allowed. The 6-week postoperative radiographs are dis- 
played in Figure 6A-9. 


PIP JOINT ARTHROPLASTY 

Incision Placement and Dissection. The incision and surgi- 
cal approach to this procedure are the same as those of PIP 
joint arthroplasty for osteoarthritis. In contrast to pyrocarbon 



FIGURE 6A-6 To establish a medullary canal at the base of the proxi¬ 
mal phalanx, a starter awl créâtes the initial puncture providing a start- 
ing point for a sériés of broaches to sequentially enlarge the canal to fit 
the implant. 


arthroplasty, no alignment guide is required during osteot¬ 
omy of the proximal phalanx for PIP silicone implant arthro¬ 
plasty. Only the distal aspect of the proximal phalanx requires 
resection, and an awl is sufficient to make a trough in the 
middle phalanx due to the softened bone in RA patients. 
When broaching the medullary cavities of the proximal and 
middle phalanx, it is possible to perforate the cortex because 
the bones in RA patients are particularly s oft. To avoid this 
complication, be sure to properly identify the medullary 
canal, and perform the broaching as carefully as possible. 

Similar to an MCP joint silicone implant arthroplasty, 
2 drill holes are made with a 0.035-in Kirschner wire in the 



FIGURE 6A-7 Broaches are used to enlarge the medullary canal to the 
appropriate size. 
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FIGURE 6A-8 A. Before inserting the implant, 2 drill holes are made 
with 0.035-in Kirschner wire on the radial side of the metacarpal, and 
3-0 braided sutures are then placed into the drill holes to imbricate the 
radial collateral ligaments. B. Implant insertion. C. The radially placed 
3-0 sutures are used to reattach the radial collateral ligament to the 
metacarpal bone. 



FIGURE 6A-9 A patient treated with silicone implant metacarpopha¬ 
langeal arthroplasty for rheumatoid arthritis at 6 weeks postoperative. 


proximal phalanx and 3/0 nonabsorbable braided sutures are 
placed through the 2 holes to later repair the collateral liga¬ 
ments before inserting the implant, if the joint is unstable. 

In most cases, the ulnar latéral bands are relaxed after 
sufficient metacarpal head removal and do not need to be 
released. 

It is our preference to perform a PIP joint fusion in the 
index finger for superior stability for strong pinch, whereas 
in arthroplasty it is preferred in the ring and little fingers. 
The surgical treatment must be evaluated on a case-by-case 
basis to détermine the option that will most appropriately 
address the needs of each individual patient. 


Complications 

Destructive changes to the bone surrounding the joints are 
the most frequently reported complications associated with 
silicone implant arthroplasty. 2 ' 1 Additional complications 
include implant fractures, failure to control ulnar drift, and 
the graduai loss of motion in the long term. Postoperative 
infections, although rare, require implant removal and the use 
of intravenous antibiotics. Takigawa et al found that implant 
fracture, occurring in 11 out of 70 implants, is the most com- 
mon complication associated with PIP joint silicone implant 
arthroplasty 25 at an average follow-up period of 6.5 years. 


Outcomes 

We reviewed 46 patients with a mean âge of 60 years with 
rheumatoid arthritis following an MCP silicone arthroplasty 
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at a 2-year follow-up. The patients showed an improvement 
in the ulnar drift from an average of 62° preoperatively to 
9° postoperatively. 26 The grip strength, key, tip, and palmar 
pinch strength did not change from the baseline and were 
found to hâve no corrélation with patient satisfaction. 26 The 
extensor lag improved from 63° to 25° and the ulnar drift 
improved from 37° to 15° and both were significantly cor- 
related with patient satisfaction. The MCP arc of motion 
improved from 21° to 34°. 

Takigawa et al reviewed 48 patients at a mean follow-up 
of 8 years (range, 21-19.2 years) following a silicone PIP 
arthroplasty: 13 of these patients had RA. 25 The average pre- 
operative ROM was 26° and 19° at the final follow-up. The 
RA patients had poorer results than OA with respect to pain 
relief and motion. 

Trail et al reviewed the records and radiographs of 381 
patients with rheumatoid arthritis who had undergone 1336 
silastic MP joint replacements. 27 At 17 years, 63% were still 
in place, although there was x-ray evidence of fracture in 
two-thirds of the implants. Factors that correlated with an 
improved survival included soft-tissue balancing, crossed 
intrinsic transfer, and realignment of the wrist. Surgery to 
the thumb and PIP joint had a deleterious effect. The use of 
grommets did not protect the implant from fracture. 


REFERENCES 

1. Lawrence RC, Felson DT, Helmick CG, et al. Estimâtes of t he preva- 
lence of arthritis and other rheumatic conditions in the United States. 
Part II. Arthritis Rheum. 2008;58:26-35. 

2. Fumagalli M, Sarzi-Puttini P, Atzeni F. Hand osteoarthritis. Semin 
Arthritis Rheum. 2005;34:47-52. 

3. Kalichman L, Hernandez-Molina G. Hand osteoarthritis: an epide- 
miological perspective. Semin Arthritis Rheum. 2010;39:465-476. 

4. BeasleyJ. Osteoarthritis and rheumatoid arthritis: conservative thera- 
peutic management. J Hand Ther. 2012;25:163-172. 

5. Ono S, Shauver MJ, Chang KW, Chung KC. Outcomes ofpyrolytic car¬ 
bon arthroplasty for the proximal interphalangeal joint at 44 months’ 
mean follow-up. Plast Reconstr Surg. 2012;129:1139-1150. 

6. Schwartz DA, Peimer CA. Distal interphalangeal joint implant a rthro- 
plasty in a musician. / Hand Ther. 1998; 11:49-52. 

7. Kozlow JH, Chung KC. Current concepts in the surgical manage¬ 
ment of rheumatoid and osteoarlhritic hands and wrists. Hand Clin. 
2011;27:31-41. 

8. Swanson AB, de Groot Swanson G. Osteoarthritis in the hand. Clin 
Rheum Dis. 1985;11:393-420. 


9. Bravo CJ, Rizzo M, Hormel KB, Beckenbaugh RD. Pyrolytic carbon 
proximal interphalangeal joint arthroplasty: results with minimum 
two-year follow-up évaluation. / Hand Surg Am. 2007;32:1-11. 

10. Parker WL, Rizzo M, Moran SL, Hormel KB, Beckenbaugh RD. 
Preliminary results of nonconstrained pyrolytic carbon arthro¬ 
plasty for metacarpophalangeal joint arthritis. J Hand Surg Am. 
2007;32:1496-1505. 

11. Parker W, Moran SL, Hormel KB, Rizzo M, Beckenbaugh RD. 
Nonrheumatoid metacarpophalangeal joint arthritis. Unconstrained 
pyrolytic carbon implants: indications, technique, and outcomes. 
Hand Clin. 2006;22:183-193. 

12. Watts AC, Hearnden AJ, Trail IA, Hayton MJ, Nuttall D, Stanley JK. 
Pyrocarbon proximal interphalangeal joint arthroplasty: minimum 
two-year follow-up. J Hand Surg Am. 2012;37:882-888. 

13. Nunley RM, Boyer MI, Goldfarb CA. Pyrolytic carbon arthroplasty for 
posttraumatic arthritis of the proximal interphalangeal joint. J Hand 
Surg Am. 2006;31:1468-1474. 

14. Cook SD, Beckenbaugh RD, Redondo J, Popich LS, Klawitter JJ, 
Linscheid RL. Long-term follow-up of pyrolytic carbon metacarpo¬ 
phalangeal implants. J Bone Joint Surg Am. 1999;81:635-648. 

15. Mashhadi SA, Chandrasekharan L, Pickford MA. Pyrolytic carbon 
arthroplasty for the proximal interphalangeal joint: results after mini¬ 
mum 3 years of follow-up. / Hand Surg Eur. 2012;37:501-505. 

16. Stahlenbrecher A, Hoch J. Proximal interphalangeal joint silicone 
arthroplasty—comparison of Swanson and NeuFlex implants using a 
new évaluation score. Handchir Mikrochir Plast Chir. 2009;41:156-165. 

17. Rettig LA, Luca L, Murphy MS. Silicone implant arthroplasty in 
patients with idiopathic osteoarthritis of the metacarpophalangeal 
joint. J Hand Surg Am. 2005;30:667-672. 

18. Syed MA, Smith A, Benjamin-Laing H. Pyrocarbon implant fracture 
after metacarpophalangeal joint arthroplasty: an unusual cause for 
early révision. / Hand Surg Eur. 2010;35:505-506. 

19. Young L, Chojnowski A. Fracture of the proximal phalanx pyrocar¬ 
bon implant after metacarpophalangeal arthroplasty. J Hand Surg Eur. 
2011;36:157-158. 

20. Tuttle HG, Stern PJ. Pyrolytic carbon proximal interphalangeal joint 
resurfacing arthroplasty. J Hand Surg Am. 2006;31:930-939. 

21. Chung KC, Kotsis SV. Outcomes of hand surgery in the patient with 
rheumatoid arthritis. Curr O pin Rheumatol. 2010;22:336-341. 

22. Abboud JA, Beredjiklian PK, Bozentka DJ. Metacarpophalangeal 
joint arthroplasty in rheumatoid arthritis. / Am Acad Orthop Surg. 
2003;11:184-191. 

23. Chung KC, Pushman AG. Current concepts in the management of the 
rheumatoid hand. JHandSurgAm. 2011;36:736-747 [quiz47]. 

24. Foliart DE. Swanson silicone finger joint implants: a review of the 
literature regarding long-term complications. J Hand Surg Am. 
1995;20:445-449. 

25. Takigawa S, Meletiou S, Sauerbier M, Cooney WP. Long-term assess- 
ment of Swanson implant arthroplasty in the proximal interphalangeal 
joint of the hand. J HandSurgAm. 2004;29:785-795. 

26. Waljee JF, Chung KC. Objective functional outcomes a nd patient sat¬ 
isfaction after silicone metacarpophalangeal arthroplasty for rheuma¬ 
toid arthritis. J Hand Surg Am. 2012;37:47-54. 

27. Trail IA, Martin JA, Nuttall D, Stanley JK. Seventeen-year survivor- 
ship analysis of silastic metacarpophalangeal joint replacement. / Bone 
Joint Surg Br. 2004;86:1002-1006. 


Metacarpophalangeal 
and Interphalangeal 
Joint Fusions 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

The stability and function of the small joints in the hand rely 
on articular congruity, musculotendinous balance, integrity 
of ligaments, and the capsular structures, especially the 
volar plate. 1-3 Fusion of the small joints is usually indicated 
if those structures are irreparably damaged or arthroplasty 
has failed. 

In terms of hand function, fusion of a single joint usu¬ 
ally does not interfère with the normal activities of daily 
living. Woodworth et al recently studied the impact of 
proximal interphalangeal (PIP) joint fusion on the overall 
function of the hand 4 using 15 healthy subjects who had 
their PIP joint held in 40° of flexion in ail 4 fingers to sim- 
ulate fusion. Although 1 of the 2 activities of daily living 
that involved a power grasp showed a significant increase 
in metacarpophalangeal (MCP) flexion or abduction, there 
was no overall significant increase in MCP joint motion in 
the power grasp category. When compared with an unre- 
stricted hand, none of the activities of daily living requiring 
power grasp were perceived to be more difficult when the 
PIP joint was constrained. In contrast, précision handling 
tasks did show an increased MCP flexion, but because 7 of 
the 9 tasks involved précision handling, these results may 
only indicate a greater sense of perceived disability than 
the actual amount of impairment caused by the splint- 
ing. In search of an idéal position for interphalangeal joint 
fusion, Domalain et al studied the kinematics of précision 
pinch at various positions of the index finger PIP joint on 
11 healthy subjects. 5 They concluded that a PIP joint fusion 
at 40° to 50° leads to a more natural précision pinch pos¬ 
ture, but restricts grip span and reduces pinch précision. In 
our clinical practice, we détermine the idéal fusion angle 
based on a patients needs. Particularly in the MCP joint, 
splinting the affected joint in various positions prior to 



surgery can help a patient to décidé the idéal position for 
optimal function. 

The need for a finger MCP fusion is quite rare. The arc 
of motion of the fingers is initiated at the MCP joint and its 
fusion can cause substantial impairment. However, in severe 
trauma when the bone stock cannot support an implant, MCP 
joint fusion may be necessary. The general rule is to fuse the 
MCP joint at 25° for the index finger, increasing the amount 
of flexion by 5° incréments from the radial to ulnar direction, 
fusing the small finger MCP joint at 40°. For the PIP joint, the 
index finger should be fused at 40°, increasing the amount of 
flexion by 5° from the radial to ulnar direction while fusing 
the small joint PIP at 55°. For the distal interphalangeal (DIP) 
joint, the idéal position of fusion is 0° to 5° throughout ail of 
the digits. 6-8 


INDICATIONS 

Candidates for a MCP or a PIP joint fusion are patients with 
a failed arthroplasty or those with substantial bone and/or 
soft tissue loss resulting in joint instability, pain, or defor- 
mity. Depending on the in jury characteristics and conditions 
of the soft tissues, the procedure can be performed in the 
acute setting or at a later date, with no real time limits. In 
addition, a small joint fusion can be performed in any âge 
group, making this a versatile treatment option. However, 
the risks and benefits of alternative treatment strategies 
should be weighed against the advantages and limitations of 
fusion, particularly in the case of the MCP joint. Although 
fusions of the PIP and DIP joints provide satisfactory pain 
relief and function, fusion of the MCP joint is not as well 
tolerated from a functional standpoint. In fact, small joint 
fusions are better tolerated from a distal to proximal direc¬ 
tion, fusion usually being the first choice for degenerative 
conditions at the DIP joint. 
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CONTRAINDICATIONS 

Unlike small joint arthroplasties, there seems to be no abso- 

lute contraindication to performing a small joint fusion. 

However, many relative contraindications exist: 

• Significant bone and soft tissue loss with neurovascular 
in jury following trauma involving a single digit 

• Inadéquate potential to heal the fusion site due to chronic 
illness (rénal failure, poor nutritional status) or poor 
circulation 

• Limited range of motion in the adjacent joints and 
decreased total active motion of the finger 


SURGICAL TECHNIQUE 

The procedure is performed under tourniquet control with 
the patient in a supine position. We prefer a régional block 
for the surgery. A straight longitudinal, a zigzag, or a lazy-S 
incision is made over the dorsal aspect of the joint. The 
extensor apparatus is split longitudinally, and the joint sur¬ 
faces are exposed. The préparation of the articular surfaces 
to provide cancellous-to-cancellous bone contact without 
excessive bone shortening is of the utmost importance. For 
the articular surface, 1 of 2 surface préparation techniques 
is commonly used: the cup and cône technique or the flat- 
surface technique. The cup and cône technique provides a 
larger contact surface area with perhaps less stability, but with 
the freedom to make fine adjustments. This is in contrast to 
chevron-type cuts that provide increased stability but that 
require extreme précision and hâve less tolérance for error. 

The available methods of fixation are numerous, and 
include K-wires, intraosseous wire loops, compression 


screws, and plate and screw techniques. The simplest and 
most commonly used methods are the crossed Kirschner 
wire technique and the axial Kirschner wire combined with 
an oblique Kirschner wire configuration. 9,10 In these meth¬ 
ods, the pins are inserted percutaneously leaving the bent 
ends out of the skin. We prefer the use of 0.045-in K-wires 
for the MP and PIP joints and 0.035-in K-wires for the DIP 
joints. Cross K-wires are used in order to prevent a rota- 
tional deformity, especially in the case of cup and cône 
arthrodesis. 

90-90 intraosseous wiring with 26-gauge surgical Steel wire 
(Fig. 6B-1) is another common method of fusion. 11,12 After 
the articular surfaces are prepared, a 0.035-in Kirschner wire 
is used to drill parallel orthogonal holes in a dorsal to volar 
direction and in a radial to ulnar direction, approximately 
3 to 4 mm on either side of the fusion site. We prefer to use a 
20-gauge needle to facilitate the passage of 26-gauge surgical 
Steel wire that is formed into a loop around the arthrodesis 
site. Once both wires are passed, they are tightened, and bur- 
ied to prevent soft tissue irritation. Although this is a simple 
technique providing stable fixation, it requires greater soft 
tissue stripping and exposure than similar techniques. 

Another popular method involves the use of K-wires and 
cerclage wires together to form a tension band construct. 13-16 
Unlike cross K-wire fixation, in this technique the K-wires 
are buried in bone (Fig. 6B-2). From a biomechanical stand- 
point, this method provides the most stable anteroposterior 
and bending torsion strength than other methods involving 
K-wire and cerclage wires. 17 Care is taken to ensure that the 
interosseous wire is placed dorsal to the midlateral line to 
provide compression of the fusion site. 

Fusion can also be achieved using 2.0- or 2.7-mm com¬ 
pression screws for the MCP and PIP joints, and 1.5- or 
2.0-mm compression screws for the DIP joint. Screws are 



FIGURE 6B-1 Intraosseous wiring. A. The articular surfaces are prepared parallel at a desired angle using an oscillating saw. B. Using a 0.035-in 
K-wire, 2 parallel holes are created 3 to 4 mm away from the proximal and distal bone ends at the osteotomy site. With the aid of a 20-gauge needle, a 
26-gauge surgical Steel wire is passed through these holes. C. This procedure is repeated for another orthogonal wire. D. Once both wires are passed, 
they aretwisted and tightened. 
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FIGURE 6B-2 Tension band wiring. The main principle oftension band wiringis to convert the distracting force to a compressive force. A. First, the 
articular surfaces are preparedparallel at a desired angle using an oscillating saw. Next, a transverse hole is drilled, 8 to 10 mm distal to the osteotomy 
site using 0.035-in K-wire. B. A 26-gauge surgical Steel wire is then passed through these holes. Twoparallel 0.035-in K-wires are then passed through 
the proximal phalanx in a rétrogradé fashion. C. Once the articular surfaces hâve been adapted, both K-wires are advanced to the distal fragment and 
stopped at a point engaging the far cortex. Cerclage wire is then wrapped around 2 K-wires in a figure-of-8 fashion, twisted, and tightened. D. The tips 
of both K-wires and the cerclage wire are bent and buried into the proximal cortex. 


placed either into the medullary canal of the distal fragment 
or obliquely across the joint. 18,19 We prefer to use screws in 
the DIP joint due to the simplicity of the technique and high 
patient satisfaction rate. However, because of the small size 
and the curved nature of the distal phalanx, précision is of 
utmost importance to ensure that the screw is placed entirely 
within the distal phalanx (Fig. 6B-3). 


In addition to the techniques previously described, plate 
fixation has been used for MCP and PIP joint fusion. 15,20,21 
This requires a more extensile approach and is especially 
indicated in cases with segmentai bone loss when the plate 
can bridge the defect and restore length prior to cortical 
bone graft insertion into the defect (Fig. 6B-4). We use a pre- 
bent 1.5- to 2.7-mm plate with a minimum of 3 bicortical 



FIGURE 6B-3 The patient is a 25-year-old college student who had a flexor 
digitorum profundus rupture 7 months prior to his présentation. After multiple 
treatment options were discussed, he chose to hâve a DIP joint fusion. A and B. 
A self-taping compression screw (Mini-Acutrak) was used to achieve fusion. C 
and D. Successful functional recovery dépends on the range of motion of the 
adjacent joint (PIP) and an intact FDS tendon. 
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FIGURE 6B-4 A 45-year-old construction worker presented with a crush in jury to multiple digits sustaining open f ractures to his thumb, index, and 
long digits. A and B. His index Fmger PIP joint suffered a severecrush in jury, tendon lacération, and bone loss. C and D. Following repair of his tendon, 
we used an intercalarybone graft with a plate to fuse the index finger PIP joint in order to provide satisfactory latéral stability. Six months following 
surgery, the bone graft was completely incorporated resulting in stable fusion. 


screws on each side of the arthrodesis site. Finally, the use of 
various external fixation devices has also been described for 
fusion of the MP and PIP joints, particularly in cases of bone 
or soft tissue loss, infection, and a failed prior arthrodesis. 22,23 

The extensor apparatus is closed using a running 4.0 
Monocryl suture. The patient is immobilized in a bulky 
dressing with a protective plaster splint. Postoperative splint- 
ing is continued until bony union is achieved. 

Pitfalls of Fixation 

The use of K-wires to achieve fusion is not only technically 
simple but also cost-effective. Despite these advantages, it 
carries the risk of pin-track infection and loss of fixation. 
When using compression screws, good bone quality is usu- 
ally required to achieve effective compression. The screw 
head should be buried well into the bone to avoid prominent 
hardware and potential secondary surgeries. Although plate 
and screw fixation provides superior stability, it requires 
extensive soft tissue dissection and often another surgery 


for the removal of the hardware and tenolysis. With recent 
advances in external fixation devices, union rates are compa¬ 
rable to other techniques, with an increased risk of stiffness 
in adjacent joints and pin-track infection. 

OUTCOMES AND COMPLICATIONS 

In general, the “time to union” ranges from 6 to 12 weeks, 
regardless ofthe method of fixation and the joint (Table 6B-1). 
Although the majority of reports consist of case sériés, a few 
studies compare the outcomes of various methods of fixa¬ 
tion. In a review of 181 DIP joint fusions, Stern and Fulton 
reported a 20% major complication rate (nonunion, mal¬ 
union, deep infection, or osteomyelitis) and a 16% minor 
complication rate (skin necrosis, cold intolérance, PIP joint 
stiffness, paresthesias, superficial wound infection, or promi¬ 
nent hardware). 18 The nonunion rate was found to be similar 
in ail methods of fixation. Leibovic and Strickland reviewed 
224 PIP fusions fixed with 1 of the 4 methods of fixation. 15 
They reported a 14% nonunion rate, with the highest seen 
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© TABLE 6B-1: A Review of Case Sériés Published to Date 


Author 

Joint 

Method of Fixation 

Nonunion (n) 

Time to Union 

Ayres et al 24 

PIP 

Herbert screw 

2% (1/51) 

— 

Braun and Rhoades 25 

MP-IP 

External fixator 

0% (0/31) 

8 

Brutus et al 26 

DIP 

Compression screw 

11% (4/27) 

8-10 

Buchler and Aikin 21 

PIP 

Plate + bone graft 

8% (23/25) 

— 

Burton et al 27 

PIP 

K-wire 

0.6% (1/171) 

8 

Carroll and Hill 28 

IP 

C&C, K-wire 

4% (22/635) 

10 

Granowitz and Vainio 29 

PIP 

Crossed K-wire 

0% (0/122) 

7 

Hogh and Jensen 30 

IP 

K-wire and cerclage 

7% (3/45) 

8 

Ijsselstein et al 13 

MP-PIP 

K-wire 

15% (9/60) 

6 



Tension band wire 

5% (7/143) 

— 

Katzman et al 31 

PIP-DIP 

Herbert screw 

0% (0/51) 

8 

Khuri 14 

MP-PIP 

Tension band wire 

0% (0/15) 

7 

Leibovic and Strickland 15 

MP-PIP-DIP 

K wire 

16% (16/99) 

10 



Tension band wire 

5%(3/69) 

11 



Herbert screw 

0% (0/35) 

9 



Plate 

0% (0/4) 

12 

Lister 11 

IP 

Interosseous wire 

10% (5/53) 

10 

McGlynn et al 9 

PIP-DIP 

C&C, K-wire 

0% (1/103) 

8 

Moberg and Hendrickson 32 

IP 

Bonepeg 

6% (9/150) 

6 

Seitz et al 23 

MP-PIP-DIP 

External fixator 

5% (1/20) 

6 

Stern and Fulton 18 

DIP 

K-wire 

12% (13/111) 

— 



Interossesous wire 

12% (5/43) 

— 



Herbert screw 

11% (3/27) 

— 

Stern et al 16 

MP and PIP 

Tension band wire 

3% (9/290) 

— 

Teoh et al 19 

IP 

Compression screw 

4% (22/23) 

8.2 

Watson and Shaffer 10 

IP 

K-wire 

21% (11/40) 

10 

Wright and McMurty 20 

MP-PIP 

Plate 

2% (2/74) 

— 


in patients who had psoriatic arthritis, an intermediate rate 
in rheumatoid arthritis, and a lower rate in acute trauma 
and posttraumatic reconstruction. It is interesting to note 
that the incidence of nonunion appeared nonexistent in 
osteoarthritis. In terms of the method of fixation, the high- 
est nonunion rate was seen following the use of Kirschner 
wires, followed by the use of tension band wires, and lowest 
incidence was seen using Herbert screws. These results sug- 
gest that methods that compress the fusion site are superior 
to other techniques. Host factors, particularly the quality of 
bone, also play an important rôle in achieving a successful 
outcome. 
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Thumb Arthroplasty 
and Arthrodesis 

David J. Slutsky, MD 


INTRODUCTION 

Osteoarthritis commonly involves the thumb. In a large 
radiographie study of over 3000 patients between the âges 
of 40 and >80, 35% demonstrated involvement of the tra- 
peziometacarpal (TM) joint, with a higher prevalence in 
women of 15% versus 7% for men. 1 Osteoarthritis is not 
merely a wear and tear or age-related phenomenon, but it is 
a common disease of articular cartilage that becomes more 
prévalent with advancing âge. The biomechanical loads are 
of importance. In a biomechanical study, Cooney and Chao 
demonstrated that a pinch force of 1 kg at the thumb tip was 
amplified to 3.68 kg at the interphalangeal (IP) joint, 6.61 kg 
at the MCP joint, and up to 13.42 kg at the TM joint. The 
typical joint compression forces averaged 3 kg of force at the 
IP joint, 5.4 kg at the metacarpophalangeal joint, and 12.0 kg 
at the TM joint during simple pinch. Compression forces of 
as much as 120 kg may occur at the TM joint during strong 
grasp. 2 The alterations in the contact forces that may occur 
after in jury or surgery to the TM joint due to ligamentous 
insufficiency can lead to even higher forces that can accentu- 
ate the wear on the articular cartilage. This chapter will focus 
on OA affecting the thumb IP, the MP, and the TM joints. 

INTERPHALANGEAL JOINT 

The mainstay of treatment consists of activity modification 
with the use of assistive devices and removable static IP joint 
splints. NSAIDs and selected cortisone injections are often 
bénéficiai provided medical monitoring is instituted with 
chronic use. Save for historical reports, 3 implant arthroplasty 
for the IP joint is not common. 

Surgical Indications 

With unrelieved pain or disabling joint instability an IP joint 
fusion is the procedure of choice. Marked joint instability 
that impairs pinching is another common indication. There 
is no spécifie âge range, although it is préférable if the growth 


plates are closed. This is a salvage procedure that can be done 
at any time. The techniques are straightforward. Most con- 
sist of a dorsal capsulotomy folio wed by removal of the joint 
surfaces and immobilization of the joint with percutaneous 
K-wires or a headless compression screw. 

Contraindications 

This would include a history of recent infection and unsta- 
ble soft tissue coverage. Marked bone loss is a relative 
contraindication. 

Surgical Technique for IPJ Arthrodesis 

A longitudinal or S-shaped incision is made centered over 
the IP joint. The extensor mechanism a nd dorsal capsule are 
divided in the midline, keeping the tissue planes separate for 
soft tissue closure over any exposed hardware. The collateral 
ligaments are released by sliding a scalpel blade underneath 
the insertion of the ligament on the neck of the proximal 
phalanx and cutting upwards to prevent in jury to the neu- 
rovascular bundles. It is my preference to use a cup and cône 
arthrodesis that allows one to adjust the amount of rotation 
and varus/valgus without increasing the risk of joint incon- 
gruity. The joint can b e fused in neutral or 15° to 25° of flexion. 
A rongeur is used to gently remove any cartilage remnants on 
the head of the proximal phalanx while preserving the nor¬ 
mal convexity of the condyles since the metaphyseal bone is 
often quite soft that can lead to excessive bone removal. The 
cartilage and subchondral bone are removed from the base 
of the distal phalanx matching the curve of the head of the 
proximal phalanx and preserving a circumferential rim of 
cortical bone. Two convergent double-ended 0.035- or 0.045- 
in K-wires are advanced in a rétrogradé fashion through the 
base of the distal phalanx and out through the thumb tip. 
Ideally the K-wires should be placed immediately under¬ 
neath the nail plate. The joint surfaces are then manually 
compressed in the desired degree of rotation and in neutral 
angulation or mild flexion while the K-wires are advanced 
down the intramedullary canal of the proximal phalanx, until 
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FIGURE 7-1 A. AP view of a chevron osteotomy and IP fusion with a 
headless screw. B. Note screw head is well buried in the intramedullary 
canal of the distal phalanx. 


they abut the cortex or subchondral bone plate of the pha- 
langeal base. The K-wire position is checked fluoroscopically 
and adjusted as necessary. Any defects at the fusion site can 
be packed with local bone graft or bone substitute. The cap¬ 
sule and extensor mechanism are closed in layers followed by 
tourniquet release and skin closure. When a headless screw 
is used, the joint is fused in neutral to prevent screw cutout 
and to permit adéquate insertion down the intramedullary 
canal of the proximal phalanx (Fig. 7-1A and B). One of the 
K-wires is used as a guidewire to allow screw insertion in a 
rétrogradé fashion through the distal pulp. Postoperatively 
the IP joint is immobilized for 6 to 8 weeks until there are 
radiographie signs of union at which time a home program of 
graduai strengthening is instituted. 

Complications 

Infection can occur, especially with exposed K-wires. 
Nonunion is possible due to the small surface area for fusion. 
Malunion or malrotation can occur with loss of fixation. Due 
to the small canal size care is required during screw fixation 
to prevent screw cutout in the distal phalanx or interférence 
with the nail matrix that can lead to a nail deformity. The 
screw head should be buried in the distal tuft to prevent 
tenderness with tip pinch while insuring there are adéquate 
numbers of screw threads (at least 4) Crossing the fusion site. 

Outcomes 

Most sériés are concerned mostly with the results of 
DIP arthrodesis and include but a few cases of thumb IP J 


arthrodesis. Sieber and Segmuller however reported a sériés 
of 32 IP joint fusions using a figure-of-8 tension band wire 
and 2 crossed K-wires/ 1 They adapted the angle of fusion 
based on the patient needs: for instrument grip the IP joint 
was fused in 5° to 10° of flexion, while for précision grip a 
larger angle of 20° to 30° was preferred. They believed tactile 
gnosis was best preserved when pronation of 5° to 10° and 
slight ulnar déviation of 5° of the distal phalanx in relation to 
the proximal phalanx was achieved. They also switched from 
an H-shaped incision to a fork-shaped incision to better pré¬ 
serve distal sensation. Stern and Fultonreviewed 131 patients 
(61 with OA) who underwent a distal joint f usion, 37 of whom 
had an IP joint fusion. Techniques included crossed K-wires 
with and without cerclage wires or Herbert screws, but the 
breakdown by joint was not listed. There were 4/37 IPJ non- 
unions as compared with 17/144 DIP nonunions. Time to 
union was not specified by joint but averaged 9 weeks for 
K-wires, 7.5 weeks with cerclage wires, and 10 weeks with 
screws. There were 2 thumb infections versus 4 finger infec¬ 
tions. Clearly, the data are lacking to recommend one type of 
fixation method over another with IP joint OA; hence, sur¬ 
geon preference largely dictâtes the technique. 

METACARPOPHALANGEAL JOINT 

The MP joint can be adequately splinted using a custom 
palmar-based thumb spica splint. NSAIDs and activity 
modification with avoidance of répétitive pinching exercises 
will provide adéquate pain control in many cases. One or 
2 selected cortisone injections can provide temporary relief 
but should not be used as a chronic form of treatment. 

Surgical Indications 

Symptomatic primary osteoarthritis that has not responded 
to conservative treatment is an indication for surgery. 
Symptomatic posttraumatic OA foliowing an intra-articular 
fracture or from a chronic radial or ulnar collateral ligament 
tear is an additional indication for surgery An MP joint 
hyperextension deformity of more than 30° that can be asso- 
ciated with TM OA may require a fusion. 

Contraindications 

Similar to the IPJ, these would include a history of recent 
infection and unstable soft tissue coverage. Marked bone loss 
can more easily be managed with intercalary bone graft a nd 
plate fixation (Fig. 7-2A and B). 

MP Joint Arthroplasty 

Thumb MP arthroplasty for OA is not commonly per- 
formed. Swanson popularized the use of silastic arthro¬ 
plasty using a silicone dioxide elastomer, which was used as 
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FIGURE 7-2 A. Marked instability of the IP joint that is no longer articulating with the head of the proximalphalanx (arrows). B. Combined fusion 
of the IP and MP joint using a 1.5-mm plate. 


an elastic spacer for the treatment of rheumatoid arthritis. 
A requirement for this procedure was stable collateral liga¬ 
ments. They hâve a longer life in low joint loading situations; 
hence, they are rarely used for thumb MP osteoarthritis. In 
1981, Beckenbaugh and Steffee reported their expérience 
with a 2-part métal and polyethylene prosthesis that were 
snap locked together. 5 Their sériés included 8/42 MP joint 
replacements in patients with MP OA. Due to the limited arc 
of motion (16°) and equal functional and esthetic outcomes 
as compared with an MP fusion this prosthesis was largely 
abandoned. Pyrocarbon implants are currently in vogue for 
treatment of MP OA in the finger joints, but studies on their 
use in the thumb MP joint are lacking. 

Surgical Technique of an MP Fusion 

The most popular form of treatment for painful MP joint 
OA or instability is an arthrodesis. There are a number of 
options including K-wire fixation (Fig. 7-3), with and with- 
out adjuvant tension band fixation, screw, and plate fixation. 
According to Inglis et al the MP joint of the thumb shouldbe 
fused in approximately 15° of flexion, along with mild prona¬ 
tion and abduction of the proximal phalanx to facilitate tip 
pinch with the fingers. 6 

Most procedures begin with a straight or S-shaped inci¬ 
sion centered over the MP joint, followed by a midline inci¬ 
sion through the extensor hood and capsule. A cup and cône 
technique is my preference similar to the IP joint, with the 
thumb flexed approximately 15°. With severe deformity or 



FIGURE 7-3 MP joint fusion with crossed K-wires. 





78 


Section I Hand 


bone loss, matching bone cuts can be made, but it is more 
difficult to achieve congruity at the fusion site if the MP joint 
is placed in flexion. The articular cartilage and subchon- 
dral bone are removed preserving the matching convexity/ 
concavity of the joint surfaces. The joint is held in mild 
flexion and 2 convergent 0.035- or 0.045-in Kirschner wires 
are inserted through the dorsal neck of the thumb metacar- 
pal neck and advanced distantly down the intramedullary 
canal of the proximal phalanx to the subchondral bone at 
the IP joint or alternatively engaging the palmar cortex at 
the midportion of the proximal phalanx. A transverse bone 


tunnel is made dorsal to the neutral axis atleast 5 mm from 
the fusion site with a 0.045-in K-wire to prevent cutout. 
A 22-gauge wire strand is passed through the bone tunnel, 
looped in a figure-of-8 fashion over the longitudinal pins, 
and simultaneously twisted on the radial and ulnar sides just 
until the point of deformation of the twisted loop is seen. 
The K-wires are then withdrawn 5 mm, bent 90° using a 
needle holder and suction tip, and then tamped back into 
place capturing the tension band loop with the hooked ends, 
which are buried in bone (Fig. 7-4A-C). Bone graft substitute 
can be used to fill any gaps at the fusion site. Ail sharp métal 



FIGURE 7-4 Example of the tension band fusion technique. 
A. Combined OA of the MP and IP joints. B. AP view of a tension 
band fusion of the MP joint. A headless screw is used for a simulta- 
neous IP joint fusion. C. Latéral view. 
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ends are trimmed and the capsule is closed over the exposed 
hardware. The extensor mechanism and skin are sutured fol- 
lowed by a thumb spica splint for 6 to 8 weeks or until there 
is radiographie evidence of fusion. 

One large-diameter or 2 smaller-diameter headless screws 
can be used in lieu of K-wire fixation provided there is adé¬ 
quate bone stock. A dorsally applied 1.5- to 2.0-mm plate can 
be used in cases with bone loss or for révision surgery. 

Complications 

Akin to the IP joint, infection and nonunion are possible 
complications. Malunion or malrotation can occur but can 
be compensated for by motion at the TM joint. Injuries to 
the branches of the superficial radial nerve can resuit in a 
painful neuroma. 

Outcomes 

Stanley et al reviewed 42 cases of MP arthrodesis using a 
chevron arthrodesis. Most of the cases were for inflamma- 
tory arthritis with an 83% patient satisfaction rate. Seven 
patents had continued pain or instability. 7 Schmidt et al used 
a cup and cône technique using a 3.0-mm cannulated AO 
screw and threaded washer in 26 patients. 8 The indications 
included instability (12), osteoarthritis (6), inflammatory 
arthritis (7), and paralytic boutonnière (1). Twenty-five of 
26 joints went on to fusion at an average time of 10 weeks. 
There were no infections and no need for hardware removal. 
Bicknell et al performed a rétrospective review of an inter- 
esting method of MP fusion used by Roth. 9 This consisted 
of bone excision creating 2 fiat surfaces followed by use of 
a single 0.062-in K-wire inserted in a rétrogradé manner 
across the IP and MP joints with the MP in 10° of flexion and 
neutral déviation. The average âge of the 28 patients was 49 ± 
17 years. The indications included instability (9), inflamma¬ 
tory arthritis (18), OA (5), trauma (5), and skeletal dysplasia 
(1). The patients were casted for 4 weeks and splinted until 
there was radiographie union followed by pin removal at an 
average of 78 ± 32 days. Older patients took longer to unité, 
209 days in 1 case! Although the mean DASH score was 28 ± 
24, dexterity, hand function, and pinch were not significantly 
different from the opposite side and patient satisfaction was 
high. There were 3 complications consisting of pin loosening 
(1) and superficial infection (2). Twenty-five patients (89%) 
were able to return totheirprevious occupations. There were 
no radiographie malunions or nonunions. 

TRAPEZIOMETACARPAL JOINT 

The radiographie évaluation of the thumb carpometacar- 
pal joint includes a true anteroposterior view, which is per¬ 
formed by placing the forearm in maximum pronation with 
the dorsal aspect of the thumb resting on the x-ray table and 
a true latéral view. A radial stress view of the thumb can be 


performed by asking the patient to push the radial borders 
of their thumbs together. This can demonstrate the degree 
of joint laxity by the amount of latéral subluxation of the 
metacarpal base. Eaton and Littler described a radiographie 
staging classification of TM OA that is in wide use. 10 Stage I 
comprises normal articular surfaces without joint space nar- 
rowing or sclerosis. There is less than one-third subluxation 
of the metacarpal base. Stage II reveals mild joint space nar- 
rowing, mild sclerosis, or osteophytes <2 mm in diameter. 
Instability is évident on stress views with >1/3 subluxation. 
The scaphotrapeziotrapezoidal (STT) joint is normal. In 
stage III there is significant joint space narrowing, subehon- 
dral sclerosis, and peripheral osteophytes >2 mm in diameter 
but a normal STT joint. In stage IV there is pantrapezial OA 
with narrowing, sclerosis, and osteophytes involving both the 
TM and STT joints. Similar to other joints, the radiographie 
severity of osteoarthritic changes at the TM joint does not 
correlate with the severity of clinical symptoms. The main 
thrust of treatment is pain management. A trial of activ- 
ity modification and splinting should in general be under- 
taken in any patient prior to any surgical considération. This 
involves avoidance of any répétitive pinching or grasping 
activities and the use of assistive devices as needed. Therapy 
may be useful for retaining range motion and augmenting 
thumb stability, whereas strengthening exercises are generally 
avoided while the patient has pain. NSAIDs are commonly 
used in addition to a limited number of selected cortisone 
injections in the TM joint for flare-ups or persistent pain that 
is unresponsive to conservative measures. Hyaluronic acid 
injections are still investigational but do not appear to be 
superior to steroid injections. The use of splints can provide 
pain relief and help enforce activity modification. In general, 
a forearm-based thumb spica splint with the thumb held in 
palmar abduction can be used on a full-time basis until the 
pain has been controlled and then intermittently as needed. 
Whether the IP joint is immobilized is largely dépendent on 
patient and surgeon preference. A palmar-based thumb spica 
splint that immobilizes the TM joint by abductingthe thumb 
can provide pain relief and may be more functional. 

Surgical Indications 

There are myriad techniques for the open treatment of TM 
osteoarthritis. There has been a stepwise évolution in these 
procedures over time that has created a bewildering number 
of surgical choices. It is therefore instructive to discuss these 
options in light of the stage of the disease. In the early stages 
the treatment options hâve included a volar ligament recon¬ 
struction without bony resection or an extension osteotomy 
of the thumb metacarpal. In more advanced stages various 
authors hâve advocated for a partial or complété trapezium 
excision with or without ligament reconstruction and with 
or without either tendon or an artificial interposition sub¬ 
stance. Joint resurfacing arthroplasty or total joint replace¬ 
ment will not be specifically discussed due to the paucity of 
nonindustry-related long-term clinical data on the treatment 
of TM osteoarthritis. 
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STAGE I TO II DISEASE 

Volar Ligament Reconstruction . This procedure is mostly 
indicated in patients with painful symptomatic laxity of the 
TM joint or stage I disease. The joint surfaces are typically 
normal, but there may be TM synovitis. An incision is made 
along the radial border of the thumb metacarpal curving 
proximally to the radial border of the FCR tendon preserv- 
ing any sensory nerve branches. The thenar muscles are 
elevated from the metacarpal along with an exposure of the 
TM and STT joints. A volar to dorsal drill hole of progres- 
sively larger diameters is created using a cannulated 3.0-mm 
drill guide across the metacarpal base parallel to the TM 
joint and perpendicular to the metacarpal long axis. The TM 
joint is reduced andcan be temporarily pinned in abduction 
with a 0.045-in K-wire. The FCR tendon is identified in the 
proximal extent of the incision. A number of small trans¬ 
verse incisions are made proximally along the course of the 
tendon up to its musculotendinous junction. The tendon is 
then split into a radial and ulnar half at the wrist incision and 
a 26-gauge wire loop is used to split the tendon proximally 
by grasping the loop with a needle holder and then pulling 
the wire proximally through each transverse incision. Since 
the FCR tendon rotâtes 180° as it courses distally, the ulnar 
half of the FCR is released at the musculotendinous junction 
since it lies radially at the wrist incision. The volar portion 
of the transverse carpal ligament is split and the superficial 
communicating branch of the radial artery is either retracted 
or ligated and divided. If there is an associated carpal tunnel 
syndrome, dividing the dorsal leaf of the transverse carpal 
ligament that forms the floor of the FCR sheath will decom- 
press the carpal canal. The FCR graft is then pulled into the 
TM incision, while preserving its attachment onto the base 
of the index metacarpal. A suture retriever is used to pass 
the free end of the FCR graft through the drill hole from 
volar to dorsal, where it is sutured to the periosteum with 
a 3-0 nonabsorbable suture. The remaining end of the graft 
is passed through the abductor pollicis longus tendon inser¬ 
tion and across the volar capsule and sutured at both places. 
The tendon graft is then looped around the remaining FCR 
tendon and sutured to itself. The thenar muscles are repaired 
and the K-wire is removed. The thumb is immobilized in a 
spica splint or cast for 4 weeks followed by mobilization and 
strengthening. 

Outcornes. Eaton et al had 1 of the largest long-term sériés, 
reviewing 50 patients with an average foliow-up of 7 years. 11 
Intractable pain was the primary indication for surgery. 
Ninety-five percent of the patients with stage I or II disease 
achieved good or excellent pain relief. Ail stage I cases and 
82% of stage II cases showed no x-ray evidence of osteoar- 
thritis up to 13 years postoperatively. Only 74% of patients 
with stage III and IV disease achieved good or excellent 
results. Lane and Henley included some of these patients 
in their review of 37 thumbs in 35 patients with an aver¬ 
age folio w-up of 5.2 years (range, 1-17 years). 12 Sixty-seven 
percent had excellent results and 30% had good results with 
almost universal partial or complété pain relief. Ail patients 


had a stable TM joint and an improvement in pinch strength. 
There was no clinical or x-ray evidence of osteoarthritis in 
any patient at the final follow-up. 

Thumb Metacarpal Extension Osteotomy. Pellegrini et al 
demonstrated in a biomechanical study that the volar contact 
area of the TM joint was unloaded and shifted more dorsally 
as long as the location of the OA did not extend more dor¬ 
sal than the midpoint of the trapezium, which provides the 
rationale for this procedure. 13 It is indicated in symptomatic 
Eaton stage I and II disease both for pain relief and to restore 
thumb stability. A 3-cm dorsal incision is made from the 
base of the thumb metacarpal moving distally. S ensory nerve 
branches are protected and retracted. A subperiosteal dissec¬ 
tion is performed and a dorsally based 30° wedge of bone 
is resected 1 cm distal to the metacarpal base. The wedge 
of bone is removed and the distal metacarpal is extended to 
close the wedge, and then the osteotomy is held in place with 
K-wires, Staples, or a plate. 

Outcomes. There are no large sériés on this procedure. 
Tomaino prospectively evaluated 12 patients treated with an 
extension osteotomy with an average follow-up of 2.1 years 
(range, 6-46 months). Eleven patients were satisfied with the 
outcome and the grip and pinch strength increased by an 
average of 8.5 and 3 kg, respectively. 14 Parker et al reviewed 
Amadios expérience with 8 patients treated with this proce¬ 
dure with stage I (3 patients), stage II (3 patients), a nd stage III 
(2 patients) TM osteoarthritis at a mean follow-up of 9 years 
(range, 6-13 years). 15 The average latéral pinch strength was 
5 kg or 129%, oppositional pinch strength 3 kg or 103%, 
and grip strength 19 kg or 108% of the opposite side. There 
was no radiographie progression of the arthritis in 5 of the 
8 patients. Gwynne-Jones et al reviewed the results of thumb 
extension ostéotomies without internai fixation in 28 patients 
with a mean âge 54 years (range, 30-69 years). 16 At a mean 
follow-up of 34 months (range, 12-73 months) 21 patients 
with 22 procedures had good or excellent results, 2 had fair, 
and 1 had a poor resuit. Three patients required further sur¬ 
gery for persistent pain. Key pinch, pulp pinch, and tripod 
pinch were 22% to 32% lower, but there was no decrease in 
grip strength. The Michigan Hand Outcomes Questionnaire 
scores increased by an average of28 points (range, 1-56), with 
a significant improvement in pain (44 points), activities of 
daily living (41 points), and satisfaction (35 points). 

STAGE II TO IV DISEASE 

Ligament Reconstruction Interposition (LRTI) Arthro- 
plasty. This procedure described by Burton and Pellegrini 
in 1986 is typically used for more advanced stage II and III 
disease. 17 An 8-cm dorsoradial incision is made along the 
radial border of the thumb metacarpal curving down to the 
FCR tendon at the wrist. Branches of the superficial radial 
nerve and radial artery are identified and protected through- 
out the procedure. A longitudinal incision is made through 
the TM joint capsule. An oscillating saw is used to remove 


Chapter 7 Thumb Arthroplasty and Arthrodesis 


81 


the base of the thumb metacarpal and the medullary canal is 
enlarged with a curette. A trapeziectomy is then performed 
by inserting a 0.62-in K-wire to act as a joystick by sequen- 
tially elevating soft tissue restraints until the trapezium can 
be removed in 1 piece. Alternatively the trapezium can be 
osteotomized into 4 sections and removed piecemeal while 
taking care to avoid in jury to the FCR tendon that is in the 
volar depths of the wound. Caution is needed to prevent 


in jury to the radial artery in the snuffbox that is just proxi¬ 
mal to the STT joint. A 6-mm bony window is made with a 
power burr along the dorsal aspect of the thumb metacarpal 
1 cm distal to the base (Fig. 7-5A-I). 

One half of the FCR tendon is harvested and pulled into 
the thumb incision as described above. Some authors pre- 
fer to use the entire FCR, without any apparent deleterious 
effects. The free end of the tendon slip is passed into the 




FIGURE 7-5 A. Stage IV trapeziometacarpal OA. B. Clinical pho- 
tograph. Note the adduction contracture of the thumb web space. 

C. Harvest of the FCR tendon through multiple transverse incisions. 

D. Close-up view of the arthroplasty space following a trapeziectomy. 
E Deep capsular sutures are used to create an anchovy of the FCR ten¬ 
don that is interposed in the arthroplasty cavity. 
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FIGURE 7-5 ( Continued ) F. Immédiate postoperative photo demon- 
strating K-wire fixation of the arthroplasty site with t he thumb metacar- 
pal base distracted to the level of the index CMC joint. G. Maintenance 
of the arthroplasty space at 4 months. H. Postoperative photo at 
4 months demonstrating widening of the thumb web space. I. Note the 
restored thumb opposition. 
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FIGURE 7-6 A. Récurrent basilar thumb pain at 5 years following a partial trapeziectomy and insertion of a silicone spacer (arrow). B. Removal of 
the silicone prosthesis and trapeziectomy. C. Close-up demonstrating the fragmented silicone prosthesis (black arrows) and the FCR tendon exiting 
from a latéral cortical window (white arrow) and wrapped around the metacarpal base. 


medullary canal of the thumb metacarpal and out the dor¬ 
sal cortical window, where it is sutured to the periosteum. 
It is then looped around the metacarpal base and sutured to 
itself while longitudinal traction is applied until the meta¬ 
carpal base is even with the index CMC joint (Fig. 7-6A-C). 
Proper tensioning of the FCR graft helps prevent proximal 
migration and radial subluxation of the thumb. An optional 
percutaneous 0.045-in K-wire can be inserted through the 
metacarpal base and into the distal scaphoid with the thumb 
in abduction to maintain the arthroplasty space, according 
to surgeon preference. Two 2-0 nonabsorbable sutures are 
then placed in the deep volar capsular. One of the sutures 
is left attached to the deep capsule and threaded through 
the distal end of the FCR tendon slip to create an anchovy 
interposition, which is then tied down to the capsule. The 
remaining deep suture is used to repair the capsule over the 
anchovy in a vest over pants fashion. In the original surgi- 
cal description, the extensor pollicis brevis is released from 
its insertion and tenodesed to the metacarpal shaft proximal 
to the metacarpophalangeal joint to eliminate the hyperex¬ 
tension moment acting on the proximal phalanx. The sub- 
cutaneous tissue and skin are closed in layers and a thumb 
spica splint is applied. Postoperatively a thumb spica splint 


is maintained until 4 weeks at which time any K-wires are 
removed and thumb abduction and extension exercises are 
instituted. Opposition is started at 6 weeks foliowed by pro¬ 
gressive strengthening exercises. 

Variants of the LRTI hâve included the following: tendon 
interposition alone, ligament reconstruction alone, a partial 
or complété trapeziectomy with tendon interposition but no 
ligament reconstruction, a limited trapeziectomy with t en- 
don interposition and volar ligament reconstruction, a tra- 
pezial resection suspension plasty using the abductor pollicis 
longus tendon, and a partial trapeziectomy with implanta¬ 
tion of a synthetic biological implant. A double interposition 
resurfacing arthroplasty was described for stage IV dis- 
ease and involves a TM joint and STT joint resection and 
interposition. 18 

Trapeziectomy. This procedure is used in stage III and IV 
disease. A simple trapeziectomy has been complicated by 
metacarpal subsidence that can theoretically weaken the 
pinch strength and in extreme cases lead to metacarpal 
scaphoid impingement (Fig. 7-7A and B). This procedure 
has largely been supplanted by a hematoma distraction 
arthroplasty that consists of a trapeziectomy and temporary 
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FIGURE 7-7 A. Marked subsidence foliowing a trapeziectomy. Note the osteophyte formation at the metacarpal-trapezoid articulation (arrow). 
B. Subsidence with impingement of the metacarpal base and distal scaphoid (arrow). 


distraction pinning of the thumb metacarpal. This procedure 
relies on the development of a stable pseudarth rosis that 
develops from the ingrowth of fibrous tissue that replaces 
the initial hematoma. The trapeziectomy is performed as 
described above. The thumb is then grasped and held in a 
position of wide palmar abduction, slight opposition, and 
distraction and 1 or two 0.062-in percutaneous K-wires are 
inserted from the base of the thumb metacarpal in a trans¬ 
verse orientation into the base of the index metacarpal or the 
trapezoid. Pinning the thumb metacarpal base to the index 
for 5 to 6 weeks is intégral to the procedure, but tendon inter¬ 
position or reconstruction of the TM joint capsule is not. 

Complications. These include scar tenderness, tendon adhe¬ 
sion or rupture, in jury to the superficial radial nerve branches 
or palmar cutaneous branch of the médian nerve, or com- 
plex régional pain syndrome. K-wire infection can occur, 
especially when it is exposed. Metacarpal subsidence is a fre¬ 
quent occurrence but does not necessarily affect the outcome 
unless there is metacarpal-distal scaphoid impingement. 

Outcornes. Froimson described the use of a rolled-up tendon 
anchovyfor an interposition arthroplasty in 1970. 19 Although 
he reported pain relief in 80 procedures and 72 patients, 
the long-term follow-up showed a 30% réduction in pinch 
strength in addition to a 50% decrease in the arthroplasty 
space. Eaton and Littler introduced the concept of a beak 
ligament reconstruction in 1973. 10 Although they removed 
osteophytes if any, no trapeziectomy was performed. They 
reported that ail the patients with stage II disease and 63% 
with stage III disease had excellent results at 1 year. They 


subsequently modified their procedure by adding a resection 
of the second metacarpal base and distal trapezium with 92% 
good or excellent results reported in 1985. 20 In 1986 Burton 
and Pellegrini published their technique of an LRTI. 17 They 
used one half of the FCR tendon to reconstruct the volar 
oblique ligament combined with a partial or complété tra¬ 
peziectomy and interposition of the remaining tendon as 
an anchovy. In a rétrospective sériés of 25 thumbs treated 
with an LRTI and hemitrapeziectomy (stage II and III), or 
complété trapeziectomy (stage IV, pantrapezial disease) at an 
average follow-up of 2 years, 92% of the patients had excel¬ 
lent pain relief and an average increase in pinch and grip 
strength of 19% (Fig. 7-8). 

De Smet et al compared the outcomes of 22 patients who 
underwent a trapeziectomy, and 34 patients were treated 
with an LRTI at a follow-up of 26 to 34 months. 21 They found 
that the trapezial arthroplasty space was better maintained 
in the LRTI group with a loss of height of only 32% at the 
latest foliow up as compared with a 57.5% decrease in height 
in the trapeziectomy group. Despite this finding there was 
no statistically significant différence for pain relief, patient 
satisfaction, DASH score, or grip strengths, but the key 
pinch strength was correlated with the amount of metacar¬ 
pal subsidence. 

Gray and Meals 22 believed that the poor results folio w- 
ing a simple trapeziectomy that was reported by Gervis in 
1949 23 could be improved by adding K-wire immobiliza- 
tion of the thumb in a distracted position for 5 to 6 weeks 
to allow the postoperative hematoma to organize, and the 
surrounding capsular remnants to consolidate to sufficiently 
anchor the metacarpal base. They reported their results with 
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FIGURE 7-8 Asymptomatic patient at 15 years post LRTI demonstrat- 
ing some subsidence but maintenance of an arthroplasty space. 


this procedure in 22 patients with an average foliow-up of 
88 months. Eighteen patients were pain free, 21 of 22 thumbs 
adducted fully into the p lane of the palm, and 21 of 22 opposed 
to the small fïnger metacarpal head. There was an average of 
21% increase in grip strength and tip pinch strength, and an 
11% increase in key pinch strength over preoperative val¬ 
ues. They did note, however, that there was more metacarpal 
subsidence as compared with a more formai ligament recon¬ 
struction, but this did not correlate ^vith outcomes. 

Salem and Davis performed randomized prospective 
study of 99 patients (114 thumbs) comparing 59 procedures 
with a trapeziectomy without a ligament reconstruction, soft 
tissue interposition, or temporary Kirschner wire fixation in 
59 cases and an LRTI in 55 cases. 24 At a mean follow-up of 
6.2 years (range, 4.2-8.1), they found no significant différ¬ 
ences between the 2 treatments in any subjective or objec¬ 
tive outcome measure. The patients treated with an isolated 
trapeziectomy had an average DASH score of 31 and mean 
key pinch of 3.7 kg as compared with the LRTI group with a 
mean DASH score of 30 and mean key pinch of 4.1 kg. 

Gangopadhyay et al performed a prospective, random¬ 
ized controlled study on 174 patients with TM osteoarthritis 


who were randomized to a simple trapeziectomy, trapeziec¬ 
tomy with palmaris longus (PL) interposition, or trapeziec¬ 
tomy with ligament reconstruction and tendon interposition 
using one half of the FCR tendon. 25 K-wire fixation was 
used for 6 weeks in ail patients. At a mean of 6 years (range, 
5-18 years) patients had no pain or pain with an after use, 
but there were no restrictions in the trapeziectomy and LRTI 
groups. Although some patients in the PL interposition group 
had limitation with activity, there was no statistical différence 
between the groups. There was no différence in the ability to 
perform activities such as writing, t urning a key, opening a 
screw-top jar, handling coins, and knitting, nor any signifi- 
cant différence between pinch and grip nor thumb opposi¬ 
tion among the 3 groups. They concluded that the outcomes 
of these 3 variations of trapeziectomy were very similar and 
that although the use of additional soft tissue procedures was 
not detrimental, they were not necessary and excision of the 
trapezium remained the most important part of the surgery. 

Wajon et al performed a meta-analysis of the Cochrane 
database of 7 studies with 384 patients having stage II or 
III disease who had undergone a trapeziectomy, trapeziec¬ 
tomy with interpositional arthroplasty, trapeziectomy with 
ligament reconstruction, trapeziectomy with LRTI, and joint 
replacement. 26 No procedure demonstrated any superiority 
over another in terms of pain, function, range of motion, or 
strength. However, participants who underwent trapeziec¬ 
tomy had 16% fewer adverse effects (P< .001). 

Associated MP Joint Hyperextension. MP joint hyperex¬ 
tension often accompanies advanced TM osteoarthritis that 
produces a dorsal subluxation stress at the TM joint arthro¬ 
plasty site and may lead to récurrent subluxation. Correction 
of this MP hyperextension reverses the metacarpal collapse 
and improves the force transmission along the thumb ray. If 
there is MP joint OA, an MP joint fusion is indicated. In cases 
of a mild MP joint hyperextension of 20° to 30°, Eaton and 
Floydhave recommended transferring the EPB to the base of 
the thumb metacarpal, which éliminâtes the extension force 
on the MP joint and augments abduction of the thumb meta¬ 
carpal. 27 The joint is pinned or casted in flexion for 4 weeks 
postoperatively. For MP joint hyperextension of 30° or more, 
an MP joint volar capsulodesis or a sesamoidesis is added. In 
their sériés ofMP capsulodesis of 13 patients with an average 
follow-up of 39 months, 10 patients had complété correction 
of the MP hyperextension deformity with 9 excellent results, 
3 good results, and 1 fair resuit. 

Poulter and Davis 28 reviewed 297 thumbs with painful 
TM osteoarthritis. Preoperatively 101 had no hyperexten¬ 
sion of the MP joint, and 168 had a hyperextension defor¬ 
mity of 30° or less of whom 157 received no treatment. 
Twenty-eight patients had hyperextension >30°, 8 of whom 
were not treated. Nine were treated by temporary insertion 
of a Kirschner wire, 6 by MP fusion, 5 by sesamoidesis with 
a lag screw, and 11 by palmar capsulodesis using a bone 
anchor. At a 1-year follow-up, there was no progression in 
the deformity and there were no significant différences in 
the pain levels and key and tip pinch strengths between the 
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thumbs without preoperative MP hyperextension and those 
with untreated hyperextension <30°. Ail 5 cases of sesamoi- 
desis with a screw were successful, but 3 patients required a 
screw removal. In the 11 patients with hyperextension >30° 
treated with a capsulodesis using a bone anchor, the defor- 
mity was reduced from a preoperative mean of 48° (range, 
35°-70°) to 16° (range, 0°-35°). There were no significant dif¬ 
férences in the pain levels and key and tip pinch strengths 
between the untreated hyperextension group and those 
treated with a bone anchor capsulodesis. Temporary inser¬ 
tion of a Kirschner wire did not resuit in improvement in the 
hyperextension deformity or clinical outcome. 

Trapeziometacarpal Fusion. TM fusion has been advocated 
for patients with stage II and III disease with strong functional 
demands such as manual laborers and patients younger than 
40 years with posttraumatic osteoarthritis since it provides a 
stable thumb ray with no risk of instability. The TM joint is 
exposed and the joint surfaces are denuded of cartilage and 
subchondral bone to create 2 parallel surfaces. The thumb is 
positioned in 35° to 45° of palmar abduction and 20° to 30° 
of radial abduction and pronation so that the thumb pulp 
rests on the radial aspect of the index finger middle phalanx 
in mild opposition. K-wire, staple, or plate fixation can be 
used (Fig. 7-9). In cases of révision or if there is bone loss 
with a small trapezial remnant, a minicondylar blade plate is 



FIGURE 7-9 Trapeziometacarpal fusion using a laterally applied plate. 


idéal. A short arm thumb spica cast is used for 6 weeks, fol- 
lowed by a splint until there are signs of fusion. 

Complications. Forseth and Stern reviewed 19 patients 
who underwent a TM arthrodesis with plate and screw 
fixation. 29 At an average follow-up of 40 months there were 
2 painful nonunions and 6 hardware malpositions most 
frequently associated with a screw in the trapeziotrapezoid 
joint. Seven arthrodèses had a second procedure, most com- 
monly hardware removal. In 59 patients treated with K-wire 
fixation there were 4 nonunions and 2 required a secondary 
procedure. 

Outcomes. Rizzo et al examined the Mayo clinic expérience 
of TM fusion for OA in 114 patients/126 thumbs at an aver¬ 
age follow-up of 11.2 years (range, 3-28 years). 30 The aver¬ 
age patient âge was 57 years (range, 32-77). Supplémentai 
bone graft was used in 90 thumbs. There were 17 nonunions, 
9 of them requiring reoperation. The appositional pinch 
increased to 5.9 kg versus 3.0 kg preoperatively, opposi- 
tional pinch 5.4 kg versus 2.7 kg, and grip strengths 23 kg 
versus 14 kg. The average pain score decreased to 0.4 ver¬ 
sus 6.6 preoperatively (P <.01). Thirty-nine patients devel- 
oped radiographie signs of STT OA, but only 8 patients were 
symptomatic. MP joint OA occurred in 16 patients, but no 
additional treatment was needed. 

There are many published case sériés that examined the 
results of these disparate procedures. Taylor et al performed 
a rétrospective study of 83 patients with TM joint osteoar¬ 
thritis who were treated with a TM fusion (36), trapeziec- 
tomy with and without ligament reconstruction (25), or a 
silastic replacement (22). 31 The follow-up ranged from 1 to 
5 years. There was a higher rate of complications and reop¬ 
eration in the fusion group but otherwise no significant dif¬ 
férences in terms of patient satisfaction, range of movement, 
and tip and key pinch. 

Raven et al reviewed 54 patients (74 thumbs) with TM 
OA who were treated with a trapeziectomy (18 thumbs), tra- 
peziectomy with tendon interposition (17 thumbs), or TM 
arthrodesis (28 thumbs). The average follow-up was 13 years 
for the resection group, 8 years for the trapeziectomy group, 
and 9 years for the arthrodesis group. Patients in the trape¬ 
ziectomy group had significantly less pain and better radial 
abduction as compared with the arthrodesis group. There 
was no différence among the 3 groups in grip and tip pinch 
strength. None of the patients in the trapeziectomy group 
needed a reoperation, 1 patient in the resection arthroplasty 
group had a reoperation, and 22 patients in the arthrodesis 
group had 1 or more reoperations for hardware removal or 
because of a complication. 
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INTRODUCTION 

Rational and Basic Science 

Although nerve injuries and disorders hâve a relatively low 
frequency, as compared with other injuries, their impact on 
the injured individual may be substantial. Even an in jury to 
a digital nerve in the hand, which is the most frequently sev- 
ered peripheral nerve, may reduce hand function and dexter- 
ity in spite of the limited size of skin area innervation by the 
digital nerve. 1 A médian or ulnar nerve in jury hâve an even 
stronger impact on the individuals life due to the sensory 
and motor dysfunction after such injuries. 2 Thus, repair and 
reconstruction of injured nerve trunks are crucial to restore 
hand function in the affected patient. 

The âge of the patient is an important déterminant of 
outcome. Sensory function is often permanently disturbed 
if the injured patient has passed puberty. 3,4 The âge of the 
patients may also détermine the time needed to return to 
work. 5 There are also other factors that may détermine out¬ 
come after nerve injuries, such as a slow outgrowth of axons, 
the misdirection of the outgrowing nerve fibers at the site 
of injury, the sensory nerve cell death in dorsal root gan- 
glia and the extensive changes in the central nervous System 
induced after a nerve in jury. 6,7 In spite of intensive research, 
there is no clinically available technique to increase the rate 
and to improve the accuracy of axonal outgrowth, but sen¬ 
sory nerve cell death may be possible to prevent by pharma- 
cological substances as an adjunct to surgery. 8 The central 
nervous System has a tremendous ability to continuously 
modulate its organization as a response to activity, behavior, 
skill acquisition, and injury, a phenomenon often referred 
to as plasticity. 7,9,10 This plasticity can be used to create new 
treatment strategies after nerve repair and reconstruction. 11 
Spécifie factors related to the patients cognitive capac- 
ity, such as verbal learning and visuospatial logic capacity, 
are also correlated to return of functional sensibility after 
médian and ulnar nerve injuries. 12 In addition, patient- 
related factors, such as sense of cohérence, motivation, and 
coping strategies, to improve outcome are also relevant in 


this context. 13 Other factors beyond the influence by the 
surgeon are the type of nerve, as well as the level and the 
type of injury (eg, the severity), where the level of injury 
and the type of injured nerve are particularly important for 
motor recovery. 14 It is generally believed that there is a bet- 
ter recovery of motor function after a médian than after an 
ulnar nerve. 14,15 

However, there are 2 factors that the surgeons deflnitely 
can attend to—performance of a proper nerve repair or 
reconstruction and to perform the procedure with appropri- 
ate timing. The latter view is based on the knowledge of the 
cellular and molecular processes, by which the neuron and 
Schwann cells orchestrate survival and provide optimal con¬ 
ditions for the axons to extend from their cell bodies after 
nerve in jury and repair, 16 which points toward the advantage 
of early repair after nerve injury. The injured neurons must 
reconstitute their damaged membrane as well as redistrib- 
ute and manufacture their production of substances with the 
purpose of survival, growth, and formation of new synapses, 
where the outgrowing axons hâve to face a more mature and 
complex environment than during development, 16,17 an envi¬ 
ronment which may be even more complex in the central 
nervous System. 18 Delayed nerve repairs often impair the 
nerve régénération process. The extent of axonal outgrowth 
correlates positively to presence of molecular substances 
important for survival and outgrowth, 19 and negatively to 
occurrence of apoptotic Schwann cells. 20,21 In addition, out¬ 
growing axons may also directly influence the activation, 
prolifération, and apoptosis of Schwann cells, 21,22 indicating 
a close interaction between axons and Schwann cells. In this 
context, the behavior of the motor and sensory neurons in 
the spinal cord and in dorsal root ganglia, respectively, is also 
relevant for the timing of nerve repair. 19,23 The possibility to 
introduce pharmacological intervention as a neuroprotec- 
tive procedure, as an adjunct to surgical repair, is also time 
dépendent. 24 Thus, there are a variety of factors that influ¬ 
ence outcome of nerve injury and repair, where symptoms, 
such as motor and sensory dysfunction, allodynia, neuro¬ 
pathie pain, as well as cold intolérance, may hâve a substan¬ 
tial impact on the affected patient. 
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Section I Hand 


INDICATIONS 

The crucial issue in ail types of hand injuries is to make a 
correct diagnosis by a proper examination of motor and sen- 
sory function distally to the suspected level of injury. After 
listening to the patients history, judgment of the patients 
tentative other injuries, and inspection of the wound, the 
motor and sensory function of the affected nerve distal to 
the site of in jury is carefully assessed. Weakness or a ny atro- 
phy of individual muscles is evaluated to get an impression 
if the nerve is injured, partially or completely. Assessment of 
the patients ability to feel pain (eg, applied by small forceps) 
in the skin area innervated by the spécifie nerve, évaluation 
of subjective sensation (eg, monofilament test), measuring 
the 2-point discrimination (2-PD), judgment of sudomotor 
function, and détection of any Tinel sign are methods in the 
diagnostic arsenal to monitor sensory function. 

Decision making of surgery and exploration requires an 
experienced surgeon. Generally, there is no limit at what âge 
nerve repair can be performed at wrist level or in the hand, 
but the results are poorer in older âge groups. Data indicate 
that patients older than 40 years hâve a significantly poorer 
recovery of sensation than younger patients 25,26 as well as 
higher costs for treatment. 1 However, it should be empha- 
sized that a nerve repair or reconstruction procedure even in 
a patient at high âge may reduce the formation of neuroma 
and therefore the possibility of tentative neuropathie pain. 

TIMING OF NERVE REPAIR 
OR RECONSTRUCTION 

As a general rule, nerve trunks should be repaired as soon 
as possible and an immédiate repair is préférable within the 
first 48 hours, a statement that has support by neurobiologi- 
cal data. However, repair can be done at later time points, 
practically and preferably within 2 to 3 weeks after the in jury, 
since nerve injuries with wounds that happened more than 
48 hours earlier may be more securely explored and repaired 
or reconstructed after the wound has completely healed. If 
there is a longer delay than 3 weeks, the delayed nerve repair 
procedure may actually be a nerve reconstruction procedure 
requiring a nerve graft. The upper time limit, where a nerve 
reconstruction procedure is not recommended, cannot be 
stated with certainty, but the cellular and molecular pro¬ 
cesses in neurons and Schwann cells, induced by the in jury, 
deteriorate over time. 

If a sharp transection of the nerve is présent, an immé¬ 
diate exploration, révision, and nerve repair or reconstruc¬ 
tion, depending on the status of the nerve, are advisable. If 
there is an open wound and a crushed nerve is found with 
continuity, the wound is revised and closed if the surgeon 
believes that the nerve régénération can proceed across the 
site of in jury. In such situations, it is mandatory to follow any 
signs of régénération and reinnervation by regularly examin- 
ing Tinel sign or return of muscle function—that is, active 
surveillance—and hopefully nerve function will return. 


However, nerve repair or reconstruction procedures are rec¬ 
ommended only if the wound is tidy and a macroscopie nerve 
discontinuity is found. On the other hand, if a contaminated 
wound is présent, single or repeated révisions are performed 
and delayed nerve repair or reconstruction is done at a time 
when there is no riskforpostoperative infection. 

A particular problem is closed traction injuries of nerve 
trunks. Depending on the amount and character of the 
trauma the principle of active surveillance can be applied in 
such cases. If no functional recovery is seen, the nerve should 
be explored. However, if there are indications to explore and 
repair other tissues in the hand or fingers (eg, fractures) at an 
earlystage, one should consider also exploring a dysfunctional 
nerve trunk to avoid an unnecessary delay in repair or recon¬ 
struction. A further problem is open wounds in connection 
with gunshot or blast injuries, where nerve repair or recon¬ 
struction can immediately be done if there is a tidy wound 
and the necrotic part of the injured nerve can be resected with 
certainty. If the latter is not possible and particularly if the 
wound is impregnated with foreign bodies, débris, and bac- 
teria, which is the most common situation, a delayed nerve 
repair or most probably a nerve reconstruction has to be done 
as soon as the local wound conditions allow such procedures. 

Neurography or an electromyography can be a valuable 
diagnostic aid to establish the diagnosis or to identify injured 
parts of a nerve preoperatively and postoperatively. However, 
it may take up to 4 weeks after in jury before clear signs of 
nerve degeneration and denervation activity in muscles can 
be detected. Nevertheless, the clinical examination is more 
important and electrophysiological examination should not 
delay exploration, since timing of nerve repair and recon¬ 
struction is important. 

CONTRAINDICATIONS 

Generally, there are no contraindications for exploration of 
nerve injuries if the patients general medical health allows 
surgery, although nerve régénération can be impaired if the 
patient has some kind of neuropathy. An individual j udgment 
should be made of the patients, and the factors pointed out 
to influence the outcome should be considered, as well as the 
potential risks and benefits from surgery. Contraindications 
for nerve repair or reconstruction are mainly related to the 
condition of the wound, with the potential risk of an iatro¬ 
génie infection, or the bed for a nerve graft may not hâve an 
optimal condition. In such cases appropriate reconstruction 
procedures, such as application of different flaps to cover 
sensitive tissues, for example, bone, tendons, and vessels, 
may create a more viable environment for future nerve graft- 
ing. Such procedures should be done after a careful debride- 
ment to remove any non viable and necrotic tissue from the 
contaminated wound before one can consider doing any 
further nerve repair or reconstruction. In spécifie situations 
even multiple debridements may be necessary foliowed by 
appropriate soft-tissue coverage of the area before nerve 
repair or reconstruction is considered. Preferably, nerve 
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reconstruction should be done within 3 weeks after in jury, a 
time span when scarred parts of the peripheral nerve trunks 
can easily be defined and resected. 

SURGICAL TECHNIQUE 

The patient is placed in a supine position with the arm 
abducted. The hand is positioned properly on the arm table 
allowing the spécifie nerve to be explored. The procedures 
can be performed in general anesthésia or, preferably, in 
an axillary plexus block with a tourniquet applied around 
the upper arm (eg, inflated 80-100 mm Hg above the sys- 
tolic pressure). Thus, the nerve, and any additional injuries 
to other tissues, such as tendons and blood vessels, can be 
explored and repaired. However, if there surely is only a sin¬ 
gle digital nerve in jury in the finger, one may consider just a 
finger block with a finger tourniquet applied. 

Conventional preoperative préparations, as in ail type of 
hand surgery, with scrubbing and skin cleansing of the arm 
are done. Preoperative antibiotics are prescribed if neces- 
sary, preferably to protect against Staphylococcus aureus , for 
example, cloxacillin or clindamycin, or, if severely untidy (eg, 
outdoor in jury), another strategy may be needed (eg, combi¬ 
nation of sulfamethoxazole and trimethoprim). It is strongly 
recommended to liberally use swabs for bacterial cultures 
from the wound and to discuss strategy of antibiotic treat- 
ment with appropriate expertise. 



Volar side 

FIGURE 8-1 Preferred incisions in the hand and wrist used to explore 


Microsurgical instruments and the use of loop magnifica- 
tion or a microscope are advisable to use for the surgeon, who 
should hâve proper microsurgical training and technical skills. 
Conventional incisions in the hand or around the wrist are 
combined with the wound to explore the main nerve trunk, 
that is, the médian nerve, the ulnar nerve, or the radial nerve, 
with their common digital nerve or digital nerve branches 
(Fig. 8-1). The tissues are dissected with an atraumatic 
approach avoiding damage to the surrounding and nervous 
tissue. The dissection and repair should be done stepwise. 

The injured nerve trunk is longitudinally dissected and 
the nerve ends are identified. Necrotic parts of the proxi¬ 
mal and distal nerve ends are resected, preferably by use 
of fresh surgical blades. The fascicular pattern of the nerve 
trunk can thereby be visualized. After the initial préparation 
of the nerve ends, these structures are now approximated, 
which should be done without any tension. It is possible to 
mobilize the proximal and distal nerve ends to facilitate the 
approximation . However, this should be made with caution 
since stretching of the nerve trunk may reduce the intra- 
neural blood flow, thereby causing apoptosis and impaired 
activation of Schwann cells. 27 Such cellular events lead to 
détérioration of nerve régénération. The amount of ten¬ 
sion that is acceptable is difficult to generally recommend, 
but if flexion of a joint is needed to approximate the nerve 
ends, the tension is doubtfully too high and reconstruction 
with nerve graft is recommended. The third step is coapta¬ 
tion of the proximal and distal nerve ends to their correct 
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Dorsal side 

different nerve injuries. 
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position without rotation of the nerve trunk. This can be 
done by identifying longitudinal epineurial blood vessels 
on the surface of the nerve trunk and aligning these when 
suturing the nerve. The final step in nerve repair is mainte¬ 
nance , where stitches or glue are applied. In a digital nerve 
repair, three or four 9-0 or 10-0 nylon sutures are suitable to 
maintain the coaptation (Fig. 8-2). The sutures should not 
be closed too tightly, since there is a risk for misalignment 
of the fascicles; thus, a minimal gap between the nerve ends 
may even be préférable. Fibrin glue can be used as an alterna¬ 
tive, or in s orne circumstances as an adjunct. Our personal 
expérience is that fibrin glue should be reserved for nerve 
reconstruction procedures. In repair of a médian or ulnar 
nerve (Fig. 8-3) at wrist level the same principle is applied, 
but thicker sutures may be added, for example, 8-0 nylon 
sutures, with a few deeper sutures applied if the nerve trunk 
is thick. This epineurial nerve repair is the common tech¬ 
nique applicable for most of the injured nerve trunks at wrist 
level and in the hand (Fig. 8-4). The ulnar nerve at wrist level 


contains 2 very spécifie nerve branches, that is, the superfi- 
cial and deep ulnar branch, which actually can be dissected 
and repaired separately, that is, a group fascicular repair for 
the motor and sensory ulnar nerve branches. 

NERVE RECONSTRUCTION 

Some of the steps that were outlined for nerve repair are 
also relevant in nerve reconstruction, and include a proper 
approach, préparation of the nerve ends, calculation of the 
maximal gap that has to be bridged, calculation of the length 
of the graft, harvesting of a suitable nerve graft, a nd, finally, 
coaptation and maintenance of the nerve graft (Fig. 8-4). In 
the approach and préparation of the nerve grafts it may be 
advisable to use a longitudinal skin incision and raise a flap 
that can be utilized for closure of the wounds, thus enabling 
a proper coverage of the tissue and creating a well-vascular- 
ized surrounding for the nerve grafts. Again, the nerve ends 
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FIGURE 8-2 Different nerve repair and reconstruction techniques. 
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FIGURE 8-3 Photos of nerve repairs after in jury. Transected médian nerve at wrist level ( A-C) with the proximal (with blood dot) and distal nerve ends 
marked with arrows (A) and the proximal nerve end with fascicles visible (inset in A; fascicle marked with a rrowhead). The médian nerve with three 
9-0 sutures visible (B; arrows) and the final resuit after ail the sutures (arrows) were applied (C). Transected proper (D and E) and common (F) digital 
nerves in handbefore (D; proximal, with fascicles visible, and distal nerve ends marked with arrows) and after the nerve in jury was repaired with s everal 
9-0 sutures (E and F; black and white arrows, respectively, indicate the nerve repair). Note the superficial blood vessels in the nerve, which can be used 
to orient the nerve ends at apposition (F; marked with a black arrow). A Pacinian corpuscle is seen just above the nerve marked with an arrowhead in F. 



FIGURE 8-4 Reconstruction of a médian nerve just proximal to the wrist (hand on the right) in a young patient 5 months after an open wound. 
Unfortunately, a nonqualified surgeon, who performed a repair partly with the tendon of the flexor carpi radialis muscle (marked by a star), treated the 
patient. A. The injured médian nerve (arrows indicating proximal and distal nerve ends) with a blue suture on the top. B. The proximal and distal nerve 
ends were dissected and trimmed until a clear fascicular pattern was seen (inset). C. After resection several sural nerve grafts (a single one shown as 
inset) were attached to the proximal and distal nerve ends (arrows) and secured with single sutures (hardly visible at distal suture line). D. Maintenance 
is fïnally fulfilled by application of fibrin glue where it is possible to instantly glue the individual cable grafts to spécifie fascicles at the nerve ends. 










94 


Section I Hand 



FIGURE 8-5 A digital nerve in a thumb reconstructed with a single nerve graft from the forearm (médial antebrachial nerve). A. Nerve graft attached 
and secured with a single 9-0 suture. B. Fibrin glue applied around the proximal and distal border between the radial nerve and the nerve graft. 


hâve to exhibit a good appearance with mushrooming as a 
sign that necrotic and nonviable tissue has been removed. 
When the defect between the nerve ends is judged, one has 
to consider the possible change in length of the gap during 
réhabilitation and moving neighboring joints. The length of 
the nerve grafts should approximately be 15% longer than 
the maximum gap due to shrinkage of the graft as well as the 
nerve excursion. An important point is that the grafts should 
be applied when the defect is as long as possible, for example, 
with ail adjacent joints fully extended. 

Different grafts can be used to bridge nerve defects. For 
médian or ulnar nerve at wrist level, a sural nerve graft is 
harvested through a longitudinal dorsal skin incision of the 
lower leg or through multiple transverse skin incisions. Up to 
a 30- to 40-cm sural nerve can be harvested, which is usually 
enough for an ulnar or médian nerve in jury A soft dressing 
is applied on the lower leg and the patient is encouraged to 
directly mobilize the leg. Since the sural nerve is resected the 
postoperative complaints are similar to the patients where 
the nerve is taken as a nerve biopsy, including loss of sensa¬ 
tion, allodynia, neuroma problem, and cold intolérance. If a 
digital nerve or a common digital palmar nerve needs a nerve 
graft, there are 2 options: the médial antebrachial cutaneous 
nerve or the terminal branch of the posterior interosseous 
nerve (PIN). The first one can be harvested from the médial 
aspects of the forearm and the nerve, with its branches, usu¬ 
ally matches the size of a digital nerve. The PIN is harvested 
just proximally to the wrist, where it is lying on the interosse¬ 
ous membrane. Through a dorsal incision a 4- to 5-cm long 
segment with a nerve containing 1 to 3 fascicles can easily 
be harvested without any complications or loss of function. 28 

In grafting a médian or ulnar nerve defect (Fig. 8-4), single 
nerve cables are attached to appropriate groups of fascicles, 
matching the proximal and distal nerve ends, in the nerve. 
Single 9-0 or 10-0 nylon sutures are placed as maintenance just 
to facilitate détermination of the length of the graft. A suffi- 
cient number of grafts are applied (for a médian or ulnar nerve 
3-4 sural nerve cables) and then the maintenance is fulfilled 


with fibrin glue as an adjunct, which allows instantly an opti¬ 
mal match between grafts and nerve ends. The same tech¬ 
nique is used when a digital nerve is grafted, although only 
single cables are applied (Fig. 8-5). For a common palmar digi¬ 
tal nerve it may be necessary to apply several small cables from 
the PIN or from the médial cutaneous antebrachial nerve. 

POSTOPERATIVE CARE 

A dorsal splint may be maintained for up to 3 weeks to protect 
a nerve repair in the hand. However, protected active mobi- 
lization over a 4-week period does not seem to impair the 
outcome after digital nerve repair. 29 A repair of the médian 
or ulnar nerve at wrist level may be protected in a prolonged 
manner, that is, up to 6 weeks, to avoid extensive extension of 
the wrist. These general principles are applicable when nerve 
grafts are used in reconstruction. 

SENSORY REEDUCATION 

Outcome studies following nerve injury in adults usually 
show disappointing results as to the recovery of fine sensory 
function. 30 However, sensory outcome becomes substantially 
better if spécifie training programs, that is, sensory rééduca¬ 
tion, are used following nerve repair. 31 

In the normal State, there is a distinct order, that is, a map, 
of the different body parts in the somatosensory cortex of the 
brain. Following a peripheral nerve injury profound cortical 
reorganization takes place. Immediately after a nerve in jury 
and repair, no sensory signais from the injured area are sent 
to the somatosensory cortex resulting in a vacant area, which 
adjacent and contralatéral cortical areas rapidly take over. 
When the new nerve fibers start to grow, there is a substan- 
tial misdirection of the outgrowing nerve fibers at the repair 
site resulting in a changed afferent nerve inflow resulting in a 
new and changed cortical hand map 6,7 ; thus, “the hand speaks 
a new language to the brain” 30 (Fig. 8-6). The brain has to learn 
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Early phase Late phase 

C D E 


FIGURE 8-6 Cortical response of a peripheral nerve in jury. Normally, each finger has a distinct cortical area in the primary somatosensory cortex 
responsible for processing sensory information from a spécifie finger, that is, finger somatotopy (A-C). Following a médian nerve in jury no nerve 
signais are sent to the primary somatosensory cortex resulting in an empty area (D; early phase), which is rapidly occupied by adjacent cortical areas. 
After nerve repair there is a substantial misdirection of outgrowing axons at the site of repair resulting in a changed signal pattern from the hand to 
the primary somatosensory cortex, thus a changed somatotopy in the cortical hand area (E; late phase). The illustration shows the brain and hand of 
a nonhuman primate, that is, the innervation of the fingers is different from that of humans, but the response is similar in nonhuman primates and 
humans. (Modified with permission from Lundborg. 30 ) 


to interpret this new language, which is achieved by sensory 
relearning through sensory reeducational programs. Wynn- 
Parry published the first sensory rééducation program in 1966. 
The sensory rééducation programs designed in the 1960s and 
1970s are still in use today despite theenormous advances dur- 
ing the last decade in neuroscience and neural plasticity. 

Traditionally, sensory rééducation is first initiated when 
some perception of touch is demonstrated in the injured 
area 31 meaning that the training started months after the 
injury. New knowledge in basic neurobiology has shown that 
it is possible to differentiate between an early postoperative 
phase, before reinnervation has occurred, and a late post¬ 
operative phase, when some reinnervation of the hand has 
occurred. It has been suggested that different reeducational 
strategies should be used in the 2 phases. 30,31 

In the early phase, sensory bypass is one alternative using 
the brains ability for cross-modal plasticity, the substitution 
of one sense with another. In this way the area in the pri¬ 
mary somatosensory cortex, deprived of its sensory input, 
is activated and, theoretically, the organization within the 
primary somatosensory cortex is, to some extent, preserved. 


In the late phase, when the patient has regained some per¬ 
ception of touch and sensory information is sent from the 
periphery, sensory rééducation is classically based on vision- 
guided touch,but other sensory modalities can also be used 
to guide touch, thus improving the patients ability to inter¬ 
pret afferent sensory nerve signais. Furthermore, bilateral 
tactile training can be used as sensory inputs are processed 
in both brain hemispheres 31 and since the two hemispheres 
are extensively interconnected. The aim of the training is to 
maintain cortical sensory input from the hand and thus to 
preserve the cortical organization during the time of nerve 
régénération. 

What about âge? Should the sensory rééducation be dif¬ 
ferent for different âges? Much speaks in favor of this. As 
pointed out earlier, it is well established that children gain 
excellent function after a nerve repair, whereas adults score 
lower. 3 The ability for plastic changes within the brain is not 
lost in aging, but it is changed. Most likely different mecha- 
nisms are important the sensory recovery after a nerve in jury 
and thereby the sensory rééducation should be different 
depending on âge of the patient. 
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The last décades’ enormous advances in understanding 
how the brain can change and adopt, that is, brain plasticity, 31 
hâve also made it possible to use plasticity mechanisms to 
treat patients with nerve injuries, that is, targeted plasticity. 
One such example is when the volar part of the forearm in 
patients with nerve injuries is deafferented by an anesthetic 
cream. This results in an area in the somatosensory cortex, 
where the neurons are devoted of input and these neurons 
rapidly start to respond to sensory information from the 
hand. Thus, more nerve cells are made available for the hand, 
resulting in a significantly improved sensory function in the 
hand. A prolonged improvement is seen when this deaffer- 
entation is repeated for several weeks. A better understand¬ 
ing of the effects of a peripheral nerve injury on the brain 
will likely resuit in more refined treatment programs in the 
future and a possibility to more precisely guide the sensory 
rééducation to achieve an optimal resuit. 
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Nerve Repair and Reconstruction: 
Elbow to Fingertips 
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BASIC CONSIDERATIONS 

Nerve régénération does not involve mitosis and multipli¬ 
cation of nerve cells. Instead, the cell body restores nerve 
continuity by growing a new axon. Axon sprouting has been 
demonstrated as early as 24 hours foliowing nerve transec- 
tion. One axon sends out multiple unmyelinated axon sprouts 
from the tip of the remaining axon or collateral sprouts from 
a nearby proximal node of Ranvier. The distal sprout con- 
tains the growth cône. This sends out filopodiathat adhéré to 
sticky glycoprotein molécules in the basil lamina of Schwann 
cells, such as laminin and fibronectin (neurite-promoting 
factors). The filopodia contain actin, which aids in pull- 
ing the growth cône distally. The basil lamina of 2 abutting 
Schwann cells forms a potential endoneurial tube into which 
the regenerating axon grows. These axons will deteriorate if 
a connection with a target organ is not reached. There are up 
to 50 advancing sprouts from 1 single axon. Initially there 
are many more nerve fibers Crossing a nerve repair than in 
the parent nerve. 1 Although more than 1 axon may enter the 
same endoneurial tube, there is eventual résorption of the 
multiple sprouts leaving 1 dominant axon. 

Axons grow between 1 and 2 mm per day. In general, 
axons grow approximately 1 to 2 mm per day. Motor end 
plates dégradé at approximately 1% per week. 2 There is irré¬ 
versible muscle fibrosis by 24 months. For practical purposes, 
the maximum length that a nerve can grow to restore motor 
function is approximately 35 cm. This in part accounts for the 
poor motor recovery when repairing nerve defects proximal 
to the elbow in adults. Sensory end organs remain viable since 
there is no end plate and they retain the potential for rein¬ 
nervation. Reconstruction of a sensory nerve defect by com- 
parison may provide protective sensation even after many 
years. Following nerve transection, the Schwann cell removes 
the axonal and myelin débris in both the severed nerve ends. 
Schwann cells produce an immédiate source of nerve growth 
factor (NGF) that helps to support the proximal stump. The 
Schwann cell expresses NGF receptors that aid in directing 
the advancing growth cône. It also increases its production 
of other neurotrophic factors including ciliary neurotrophic 


factor, brain-derived neurotrophic factor, and fibroblast 
growth factor, which promote axonal growth. The laminin 
and fibronectin in the Schwann cell basil lamina act as a rail 
for the advancing axon sprouts to grow down. The Schwann 
cell produces a myelin sheath for the immature axon sprout. 

A normal nerve has longitudinal excursion that subjects it 
to a certain amount of stress and strain in situ. A peripheral 
nerve is initially easily extensible, but this rapidly diminishes 
with further élongation due to the stretching of the con¬ 
nective tissue within the nerve. Chronically injured nerves 
become even stiffer. Elasticity decreases by as much as 50% 
in the delayed repair of nerves in which Wallerian degen- 
eration has occurred. Experimentally, blood flow is reduced 
by 50% when the nerve is stretched 8% beyond its in vivo 
length. Complété ischemia occurs at 15%. Suture pullout 
does not occur until a 17% increase in length. 3 This suggests 
that ischemia and not disruption of the anastomosis is the 
limiting factor in acute nerve repairs. 3 This observation is 
also applicable to nerve grafting. 

The nerve graft acts to provide a source of empty endo¬ 
neurial tubes through which the regenerating axons can 
be directed. Any tissue that contains a basil lamina such as 
freeze-dried muscle or tendon can be substituted, but only 
the autogenous nerve graft also provides a source of viable 
Schwann cells. A normal nerve can compensate for the 
change in length with limb flexion and extension because 
it is surrounded by gliding tissue that permits longitudinal 
movement. A nerve graft becomes welded to its récipient bed 
by the adhesions through which it becomes vascularized. As 
a conséquence, the nerve graft is exquisitely sensitive to ten¬ 
sion because it has no longitudinal excursion. The harvested 
length of the graft must be long enough to span the nerve 
gap without tension while the adjacent joints are extended. 
This is also the position of temporary immobilization. If the 
limb or digit is immobilized with joint flexion, the graft will 
become fixed in this position. When the limb is then mobi- 
lized at 8 days, the proximal and distal stumps will be subject 
to tension even though the graft was initially long enough. 
Early attempts at lengthening the graft will lead to disruption 
of the anastomosis. 
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PRINCIPLES OF NERVE REPAIR 

The location of fascicles varies somewhat within a nerve, and 
there are cross-connections between them as fibers migrate 
from 1 fascicle to another. This migration occurs because 
axons destined for a spécifie end-organ receptor may arise 
at more than 1 spinal cord level that results in a sorting and 
rearranging as it moves distally. There is a différence between 
a nerve gap and a nerve defect. A nerve gap refers to the dis¬ 
tance between the nerve ends, whereas a nerve defect refers 
to the actual amount of nerve tissue that is lost. With simple 
nerve retraction foliowing division, the fascicular arrange¬ 
ment is similar. As the nerve defect between the proximal 
and distal stumps increases, there is a greater fascicular mis- 
match between the stumps that leads to poorer outcomes, 
especially if the gap exceeds 5 cm. The use of intraopera¬ 
tive motor and sensory nerve différentiation can diminish 
the risk of fascicular mismatch when repairing or grafting a 
nerve. There is the anatomie method based on separate iden¬ 
tification of groups of fascicles, and the electrophysiologic 
method and histochemical method that rely on staining for 
enzymes spécifie to motor or sensory nerves, which is time 
consuming and currently not in vogue. 

Indications 

The principal indication forsurgery is a patient who présents 
with a lacération and a nerve déficit that does not recover 
within 1 week. A tension-free repair is the goal for any nerve 
anastomosis. When there is a clean transection of the nerve 
and the gap is caused by elastic retraction, an acute 1° repair 
is indicated. One should always discuss the possible need for 
a nerve graft or conduit with the patient however if a p rimary 
repair would lead to undue tension at the coaptation site. 

Contraindications 

Blast injuries that are heavily impregnated with débris or bac- 
teria arebetter treated by staged reconstruction. Nerve repair 
cannot be performed in an infected wound. If the degree of 
the longitudinal in jury cannot be determined, nerve r epair 
should be delayed. 

PRINCIPLES OF NERVE GRAFTING 
Indications 

When treatment of a nerve lacération is delayed, fibrosis of 
the nerve ends prevents approximation; hence, nerve graft¬ 
ing is required even though there is no loss of nerve tissue. 
Nerve grafting is indicated to bridge a defect when >10% 
élongation of the nerve would be necessary to bridge the gap. 
This is a better indication for grafting than the nerve gap per 
se, although 4 cm is often used as a critical defect. 


Contraindications 

Since the graft is vascularized from the tissue bed, nerve 
grafting cannot be performed in burned or irradiated tissue. 

Donor Grafts 

Small-diameter grafts spontaneously revascularize, but thick 
grafts undergo central necrosis with subséquent endoneurial 
fibrosis thatultimately impedes the advancement ofanyingrow- 
ing axon sprouts. The donor-site defect must be acceptable for 
the patient and the harvested nerve must be long enough to 
ensure a tension-free anastomosis with the adjacent joints in 
full extension. For these reasons most of the available grafts are 
cutaneous nerves. Typical donor nerves include the médial and 
latéral antebrachial cutaneous nerves (LABCN) and the sural 
nerve (SN). The distal terminations of the anterior and pos- 
terior interosseous nerves (PIN) are suitable for digital nerve 
grafts at the distal interphalangeal (DIP) joint level. 

MEDIAL ANTEBRACHIAL CUTANEOUS 
NERVE (MABCN) 

TheMABCN arises from either the médial cord or lower trunk 
of the brachial plexus. It travels down the arm médial to the 
brachial artery, and then pierces the deep fascia with the basilic 
vein about the middle of the arm. More than 90% of the time the 
MABCN will bifurcate into an anterior and a posterior branch 
proximal to the médial épicondyle that provide sensation to 
the médial forearm and posteromedial elbow, respectively. It 
is préférable to use the anterior branch to avoid a bothersome 
sensory loss over the elbow. The anterior branch crosses the 
elbow between the médial épicondyle and the biceps tendon 
usually in front of the cubital vein, and then travels superfi- 
cial to the flexor carpi ulnaris muscle, ending 10 cm from the 
wrist. It is approached through an anteromedial incision on the 
proximal forearm. It provides a graft of up to 20 cm. 

LATERAL ANTEBRACHIAL CUTANEOUS NERVE 

The LABCN is the distal continuation of the musculocu- 
taneous nerve. It exits from underneath the biceps tendon, 
and then divides into anterior and posterior branches at the 
elbow crease (Fig. 9-1). The donor-site defect corresponds 
to the antérolatéral forearm, but it may also innervate the 
volar radial or dorsoradial thumb. For this reason, it is not 
harvested for grafting a sensory nerve déficit to the thumb. 
There is a partial or complété overlap of the sensory terri- 
tory of the superficial radial nerve up to 75% of the time. 
The nerve is approached through an antérolatéral incision 
on the proximal forearm, as it passes deep to the cephalic 
vein. The LABCN provides a nerve graft of 5 to 8 cm. 

POSTERIOR INTEROSSEOUS NERVE 

The terminal portion of the PIN provides proprioception to 
the joint capsule. Harvesting the nerve leaves no apparent 
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FIGURE 9-1 Latéral antebrachial cutaneous nerve branches (arrows) 
next to the cephalic vein (*) in the proximal forearm. 


motor or sensory déficit. The PIN lies adjacent to the poste- 
rior interosseous artery on the dorsal surface of the interos- 
seous membrane, deep to the fourth extensor compartment. 
It ranges from 1 to 5 mm and contains 1 to 5 fascicles. It is 
a good match for grafting digital nerve defects at the DIP. 
The nerve can be located through a dorsal wrist incision just 
proximal to Listers tubercle, developing the plane between 
the third and fourth extensor compartments. The mean 
length of the PIN from its terminal expansion at the wrist 
to its most distal muscular branch (to the extensor pollicis 
longus) is 6 cm. 

ANTERIOR INTEROSSEOUS NERVE (AIN) 

The terminal portion of the AIN also provides proprio- 
ception to the joint capsule. Harvesting the nerve similarly 
leaves no apparent motor or sensory déficit. The nerve is 
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located adjacent to the anterior interosseous artery on the 
anterior surface of the interosseous membrane, deep to 
the pronator quadratus (PQ). It can also be approached 
through a dorsal incision as for the PIN, after excising a 
window in the interosseous membrane (Fig. 9-2A and B). 
The primarily motor fibers of the AIN provide an expend¬ 
able donor of adéquate size and fascicle number suitable 
for grafting the récurrent motor branch of the médian 
nerve or the deep motor branch of the ulnar nerve at 
the wrist. 

SURAL NERVE 

The SN is a common source of nerve graft material. It is 
formed from the médial cutaneous SN that originates from 
the tibial nerve. It descends between the 2 heads of the gas- 
trocnemius piercing the deep fascia in the upper part of 
the leg, where it is joined by the latéral sural cutaneous 
branch off the peroneal nerve. It then passes downwards 
near the latéral margin of the tendo-Achilles to the interval 
between the latéral malleolus and the calcaneus. After giv- 
ing off a médial calcaneal branch it runs forwards, below 
the latéral malleolus, and is continued along the latéral side 
of the foot. It supplies the skin of the latéral and posterior 
parts of the lower one third of the leg. In order to harvest 
the nerve, the patient is positioned supine on the operat- 
ing table, with a sandbag placed at midcalf level. The leg is 
then flexed with the foot on the sandbag to maintain the 
flexed knee position. The nerve is located via a longitudi¬ 
nal incision that is 1 cm posterior and superior to the lat¬ 
éral malleolus, where it is often accompanied by the lesser 
saphenous vein. Traction is placed on the nerve until it can 
be palpated 3 cm proximally, and then a second transverse 
incision is made. In this manner, the nerve is followed as 
high as the popliteal fossa by dividing ail of the sural com- 
municating branches. The SN provides graft lengths of 30 
to 40 cm (Fig. 9-3). 



FIGURE 9-2 A. Intraoperative photo ofPIN through a dorsal wrist incision. A window in the interosseous membrane allowed isolation of the AIN. 
B. Typical graft size. 
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FIGURE 9-3 Démonstration of the sural nerve anatomy looking from 
the posterior aspect of a prone right leg (arrows). 


Surgical Technique 

Nerve repairs can be divided up into 3 types. 

EXTERNAL EPINEURIAL SUTURE 

This technique is appropriate for small nerves containing 
only 1 or 2 fascicles, such as digital nerves. Since they only 


contain sensory fibers, matching is not a problem. Usually 3 
to 4 sutures with 9-0 nylon are sufficient. Alternatively, fibrin 
glue can be used that allows the placement of fewer sutures. 
Epineurial repairs are also indicated for mixed nerves where 
separate motor and sensory fascicle identification is not p ossi- 
ble. Some authors only perform this type of repair regardless. 

GROUP FASCICULAR SUTURE 

The motor and sensory groups of fascicles are identified as 
described. In a major nerve such as the médian or ulnar, 4 or 
5 groups may be chosen for suture. These are then matched 
appropriately with the opposite end and approximated 
with sutures in both the internai and external epineurium. 
Alternatively, one can locate the motor fascicles proximally 
and distally, which are then repaired in a group fascicular 
manner. The sensory fascicles can then be coapted in an epi¬ 
neurial fashion. 

EXTERNAL EPINEURIAL SPLINT 

Jabaley has employed the external epineurium as a splint- 
ing device. 4 The external epineurium is incised longitudi- 
nally on its superficial surface and dissected away from the 
underlying fascicles. The epineurium is left attached on the 
deep surface, several millimeters fromeach nerve end. A few 
interrupted sutures with 8-0 nylon are used to join the ends 
of the external epineurial strips on the deep surface only, 
completing the construction of the splint. This maneuver 
provides for a coaptation of individual fascicles or groups of 
fascicles with little or no tension. 

Millesi has written extensively on the technical aspects 
of nerve grafting. 5 If the récipient nerve is the approximate 
diameter of the graft, the 2 stumps are transected until nor- 
mal-appearing tissue without fibrosis is seen and the graft 
is inserted by an epineurial repair. If the récipient nerve is 
larger than the graft, the fascicular pattern détermines the 
type of préparation. If the nerve contains 1 to 4 fascicles, 
the stump is resected until healthy tissue is encountered. 
Multiple nerve grafts are used to completely cover the cross- 
sectional area of each fascicle in a 1:2 or 1:3 ratio. When there 
are 5 to 12 fascicles that are the size of the nerve graft, each 
fascicle is grafted individually. When there is a polyfascicular 
pattern with a group fascicular arrangement, interfascicular 
dissection is performed to isolate the fascicle groups, which 
are then grafted individually. If there is no group fascicular 
arrangement, interfascicular dissection is not performed. 
Graft insertion is then guided by the intraneural topography 
of the nerve for that spécifie level of in jury. 

GUIDELINES FOR DIGITAL 
NERVE GRAFT SELECTION 

Higgins et al investigated the fascicular cross-sectional area 
and number of fascicles of 5 nerve graft sites to spécifie 
digital nerve segments. 6 In the fingertip distal to the DIP, 
the AIN, PIN, and MABCN were ail appropriate choices 
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for caliber-matched grafts. The LABCN however was the 
only similar donor nerve when the number of fascicles was 
assessed. It is also the best match in caliber and fascicle num¬ 
ber for digital nerve déficits between the metacarpophalan- 
geal (MP) joint and the DIP joint, and from the common 
digital nerve bifurcation to the MP joint. The SN was the 
most appropriate choice when grafting defects between the 
wrist and the common digital nerve bifurcation, even though 
there were considerably fewer fascicles and a smaller cross- 
sectional area than the common digital nerve. 

Repair/Grafting Spécifie Nerves 

MEDIAN NERVE 

Anatomy. The médian nerve arises from the médial and lat¬ 
éral cords of the brachial plexus. It contains the nerve root 
fibers from C6 to Tl and contains approximately 18,000 
myelinated axons. It lies latéral to the axillary artery butthen 
crosses médial to it at the level of the coracobrachialis. At 
the elbow it travels behind the bicipital aponeurosis but in 
front of the brachialis. The nerve and artery pass through the 
antecubital fossa underneath the lacertus fibrosis and give 
off branches to the palmaris longus (PL), flexor carpi radialis 
(FCR), flexor digitorum superficialis (FDS), and rarely the 
flexor digitorum profundus (FDP). The AIN arises from the 
médian nerve on the dorsoradial surface about 5 to 8 cm dis¬ 
tal to the médial épicondyle. 

The médian nerve then dives between the deep and 
superficial heads of the pronator ter es (PT) to which it sup¬ 
plies 1 to 4 branches. The fibrous arch of the PT lies 3 to 
7.5 cm below the humerai epicondylar line. The fibrous arch 
of the superficialis arch lies 6.5 cm below the humerai epi¬ 
condylar line. The médian nerve enters the forearm deep to 
the fibrous arch of the FDS and is adhèrent to the under- 
surface of the FDS muscle until it becomes superficial, 5 cm 
proximal to the wrist. It emerges beneath the radial side of 
the muscle belly of the middle finger superficialis where it 
is quite superficial and near the PL tendon. It then passes 
underneath the carpal transverse ligament giving off the 
récurrent motor branch and sensory branches to the thumb, 
index, middle, and radial side of the ring finger. 

The AIN is the largest muscular branch that emerges from 
the médian nerve. It innervâtes the FDP to the index and 
middle fingers, the flexor pollicis longus (FPL), and the PQ. 
The terminal portion also provides sensory innervation to 
the carpal joints. The AIN travels between the FDS and FDP, 
and then passes dorsally in the interval between the FPL and 
FDP, giving off 2 to 6 branches to each of these muscles. The 
nerve reaches the anterior surface of the interosseous mem¬ 
brane and travels with the anterior interosseous artery where 
it passes deep to the PQ that it also innervâtes. It ends by 
sending sensory afferent branches to the intercarpal, radio- 
carpal, and distal radioulnar joints. 

Repair in the Arm. A straight médial approach is used. In 
the proximal third of the arm, the nerve lies in the sulcus 
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between the coracobrachialis and the long head of the tri¬ 
ceps. In the middle third, the nerve is located anterior to the 
médial intermuscular septum, in the groove between the 
biceps and the long head of the triceps, where it lies médial 
to the brachial artery and its venae comitantes. The médial 
brachial cutaneous nerve and MABCN lie posterior t o the 
nerve. There are no branches in the arm, which allows easy 
mobilization of the nerve. A straight epineurial repair is 
performed for a primary repair. At this level, the motor and 
sensory fibers are intermingled, which precludes any fas- 
cicular grafting. If there is a nerve gap, a SN graft is used to 
cover the cross-sectional area of the nerve proximally and 
distally. 

Repair at the Elbow. The médian nerve is located through 
an S-shaped anteromedial incision at the cubital fossa. 
The lacertus fibrosis is divided taking care to preserve the 
LABCN. The médian nerve and brachial vein lie médial to 
the artery. At this level the motor branches of the médian 
nerve consistently collect into 3 fascicular groups. There is 
an anterior group (to the PT and FCR), middle group (to the 
FDS and hand intrinsics), and a posterior group (to the AIN 
branch). These branch groups can be traced proximally with- 
out harm, within the main trunk of the médian nerve for 2.5 
to 10 cm. This occasionally permits direct coaptation of the 
individual motor branches using 8-0 and 9-0 nylon. Any gap 
is treated with SN grafting similar to above (Fig. 9-4A-C). 

Repair in the Forearm. The médian nerve is approached 
through an S-shaped incision over the volar forearm. The 
nerve is identified on the undersurface of the sublimis mus¬ 
cle. In the upper third of the forearm the motor branches usu- 
ally lie peripherally, typically on the radial and ulnar sides. 
The motor fascicles from the récurrent motor branch are in 
a slightly radial position at 100 mm proximal to the radial 
styloid. The motor branch can be separated from the main 
trunk without harm for up to 100 mm proximal to the thenar 
muscles. The central core of the proximal stump should be 
connected distally with the motor and sensory components 
of the hand, which typically lie centrally in the middle group. 
This can be done with a fascicular repair or graft (Fig. 9-5A 
and B). Any large identifiable motor branches to the PT or 
FCR should be attached about the periphery. 

Repair at the Wrist. The médian nerve at the wrist has 
approximately 30 fascicles. The motor récurrent branch 
often consists of 2 fascicles that are situated in a volar posi¬ 
tion, with the various sensory groups in the radial, ulnar, and 
dorsal positions (Fig. 9-6A and B). The motor fascicles in the 
récurrent motor branch are identified where t hey leave the 
médian nerve trunk and then followed proximally to the dis¬ 
tal nerve end. In order to maintain motor continuity when 
there is a médian nerve gap at the wrist level, a fascicular 
repair or a SN graft should be sutured to the large bifas- 
cicular group of fascicles along the volar aspect of the distal 
stump, and connected to a matching radial group of fascicles 
in the proximal stump. 
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FIGURE 9-4 Proximal médian and radial nerve grafts. A. Lacération 
through antecubital fossa. B. Note médian nerve lacération (MN) and 
radial nerve (RN) lacération at bifurcation of superficial radial nerve 
branch (SRN) and posterior interosseous nerve (PIN). C. Multiple fas- 
cicular grafts to médian nerve, superficial radial nerve, and PIN nerve. 


Repair in the Hand. The médian nerve is approached 
through an extensile carpal tunnel approach, with divi¬ 
sion of the transverse carpal ligament (TCL). The récurrent 
motor branch is most commonly found distal to the TCL 
as it enters the thenar muscles. Topographically, the motor 



FIGURE 9-5 A. A 4-cm defect between médian nerve (MN) ends. 
B. Sur al nerve grafts with matching of volar radial fascicle groups. 


branch is located on the radial-volar aspect 60% of the time, 
the central-volar aspect 22%, and between those 2 locations 
in 18%. In 56% the motor branch passes through a separate 
distinct fascial tunnel before entering the thenar muscles. A 
group fascicular repair of the motor branch and an epineurial 
repair of the remaining sensory fascicles are my preference, 
although some authors believe the outcomes are similar with 
a straight epineurial repair. The sensory fibers travel within 
the common digital nerves to the thumb, index, and middle, 
as well as the communicating branch to the third web space. 
The LACBN or MACBN is a suitable graft for nerve gaps at 
this level (Fig. 9-7A and B). When the médian nerve defect 
is >5 cm and extends from the wrist to the common digital 
nerve bifurcation, sural grafts are more appropriate. 

Digital Nerve Repair. There are often 2 fascicles in the typi- 
cal digital nerve. An external epineurial repair gives the same 
results as a fascicular repair. Many authors recommend nerve 
grafting when the gap exceeds 1 cm, with the wrist and ail 
3 finger joints extended. The digital nerves are approached 
though a midlateral or a volar Brunner incision. The LACBN 
is a good caliber match at this level (Fig. 9-8A and B). The 
dorsal sensory branch that arises from the proper digital 
nerve can also be used as graft material. This branch most 
commonly arises proximal to the PIP flexion crease, and 
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FIGURE 9-6 A. Lacération of 1 of 2 fascicles of récurrent branch. B. Fascicular repair of récurrent branch. 


then crosses superficial or deep to the digital artery to lie just 
above the extensor mechanism, innervating the dorsum of 
the middle phalanx. This branch can provide a 1- to 2-cm 
nerve graft. Distal to the DIP joint the nerve trifurcates. The 
terminal PIN is a suitable graft at this level (Fig. 9-9A and B). 


ULNAR NERVE 

Anatomy. The ulnar nerve arises from the médial cord of 
the brachial plexus. It contains the nerve root fibers from 
C8 to Tl. It provides the motor supply to the hypothenar 



FIGURE 9-7 Médian nerve lacération. A. Lacération of médian nerve at junction of motor récurrent branch (RB) and digital sensory nerves to the 
thumb (*). B. Repair of récurrent branch, LABCN grafts to digital nerves. 
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muscles, the ulnar 2 lumbricals, the interosseous muscles, 
the adductor pollicis, FCU, and the profundus to the ring 
and small fingers. Its sensory distribution includes the pal- 
mar surface of the small and the ulnar half of the ring finger 
as well as the dorsoulnar carpus. It lies médial to the axillary 
artery and continues distally to the midarm where it pierces 
the médial intermuscular septum, approximately 8 cm proxi¬ 
mal to the médial épicondyle. Historical investigations hâve 
concluded that Sir John Struthers did not actually describe 
an arcade in this area, and that an arcade of Struthers per se 


does not exist. 7 Rarely, fibrous bands may be seen Crossing 
the ulnar nerve at this level. An internai brachial ligament 
(IBL) is présent however in up to 73% of specimens. 8 The 
IBL consists of a fibrous band that originates from the médial 
intermuscular septum and travels laterally to lie on top of the 
épimysium of the triceps up to the médial condyle. When 
présent, it forms a V-shaped opening with the médial inter¬ 
muscular septum through which the ulnar nerve passes. The 
ulnar nerve lies on either the IBL or the triceps épimysium as 
it travels to the elbow. It then passes through the epicondylar 



FIGURE 9-9 A. Saw in jury to the radial digital nerve of the thumb at the IP joint. B. Terminal posterior interosseous nerve graft interposed between 
the 2 fascicles of the terminal digital nerve. 
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FIGURE 9-10 Neuroma of ulnar nerve at elbow. A. Médial aspect of the right elbow demonstrating an ulnar nerve neuroma. Note the anterior and pos- 
terior branches of the médial antebrachial cutaneous nerve (MABCN). B. Anterior transposition combined withsural nerve grafts t o ulnar nerve (UN). 


groove, which is a fibro-osseous tunnel bounded anteriorly 
by the médial épicondyle and laterally by the olecranon and 
ulnohumeral ligament and covered by a fibroaponeurotic 
band (ie, Osborne ligament, arcuate ligament, triangular lig¬ 
ament). The nerve then passes underneath the aponeurosis 
between the 2 heads of the flexor carpi ulnaris. The ulnar 
nerve is often accompanied by the superior ulnar collateral 
artery that forms an anastomosis with the inferior ulnar 
collateral artery around the médial épicondyle. It runs deep 
to the FCU until the distal forearm. At the wrist, it passes 
over the TCL, médial to the ulnar artery through Guyon 
canal. The deep motor branch is given off at the pisiform and 
passes underneath a fibrous arch to lie on the palmar surface 
of the interossei. It crosses the palm deep to the flexor ten¬ 
dons, to terminate in the adductor pollicis and ulnar head of 
the flexor pollicis brevis. 

Repair at the Elbow. The ulnar nerve is located through a 
curved posteromedial incision behind the médial épicon¬ 
dyle. At the elbow the ulnar nerve contains about 20 fascicles 
including the motor branches to the forearm muscles. The 
motor fascicles to the FCU and the intrinsics are centrally 
located, whereas the sensory fibers are superficially located. 
The proximal motor branches to the FCU and FDP can often 
be traced for up to 6 cm prior to interfascicular connections. 
It is possible to distinguish between sensory and motor fas¬ 
cicles in the distal nerve end using low-intensity electrical 
stimulation, if performed within a few days of the in jury. 
Occasionally fascicles innervating the flexor muscles can 
be separated from those supplying the intrinsic muscles in 
the hand. An external epineurial repair is the standard pro¬ 
cedure. An anterior transposition of the nerve can be per¬ 
formed to gain 1 to 2 cm in length (Fig. 9-10A and B). If the 
ulnar nerve is transposed anteriorly, a 3-cm portion of the 
médial intermuscular septum should be resected to prevent 
secondary impingement. The SN is commonly used as graft 
material at this level. Care must be taken to avoid injury to 
accompanying veins of the inferior ulnar collateral artery 
that are just médial to the septum. 


Repair in the Forearm. The motor fascicles lie dorsal and 
slightlyulnarly to the sensory fascicles at the wrist level, and 
usually maintain a dorsal relationship as one moves proxi- 
mally. The motor component remains as a distinct entity up 
to 90 mm proximal to the styloid. At 50 to 85 mm proxi¬ 
mal to the radial styloid the dorsal sensory branch joins the 
other groups. At the level of the midforearm, 50 mm from 
the ulnar styloid, the motor fascicles lie dorsal to the sensory 
fascicles (Fig. 9-11). A fascicular repair of the motor branch 
is désirable. If there is a gap, a nerve graft should be placed 
in the dorsal quadrant of the proximal nerve end and the 
dorsoulnar quadrant of the distal nerve end to restore motor 
continuity. 

Repair at the Wrist. The ulnar nerve has 15 to 25 fascicles at 
the wrist. It can be clearly divided into a volar sensory com¬ 
ponent and a dorsal motor component (Fig. 9-12). The ulnar 
nerve is approached through an S-shaped incision over the 
volar ulnar forearm. The nerve is identified médial to the 
ulnar artery underneath the FCU muscle. If a muscle twitch 



FIGURE 9-11 Ulnar nerve motor fascicles traced from the distal 
stump to the deep motor branch in the palm. 
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FIGURE 9-12 Lacération of the ulnar nerve in Guy on canal after it has 
separated into a deep motor and superficial sensory branch. 


is no longer présent, the motor branch can be traced from 
the takeoff of the deep motor branch to the distal nerve end 
and repaired primarily or grafted. 

Repair in the Hand. The nerve is approached through a volar 
ulnar incision in line with the ring finger. The deep motor 
and more superficial sensory fascicles are easily separated at 
this level and allow separate grafting. The SN, LABCN, or 
MABCN provides suitable sized grafts (Fig. 9-13A and B). 
The DCBUN is not usually grafted since neuromas of this 
nerve are uncommon. 

Digital Nerve Repair. Repair or grafting in the digits is 
similar to the médian nerve. 

RADIAL NERVE 

Anatomy. The radial nerve arises from the posterior 
cord of the brachial plexus. It receives contributions from 
C5 to C8 spinal roots. The nerve contains approximately 
16,000 myelinated fibers. It is the largest branch of the 


plexus and arises from the posterior cord. In the proximal 
third of the arm, the nerve descends behind the brachial 
artery until the junction of the proximal and middle thirds 
of the humérus, where it passes between the médial and 
long head of the triceps with the profundi brachii artery. 
The nerve reaches the latéral intermuscular septum lying on 
the médial head of the triceps that séparâtes it from the spi¬ 
ral groove of the humérus and gives off branches to the tri¬ 
ceps and the anconeus. At the midarm it pierces the latéral 
intermuscular septum to run between the brachialis and 
brachioradialis. In 10% of cases it may innervate the radial 
one third of the brachialis. It divides 2 cm distal to the elbow 
into a superficial radial sensory branch (SRN) and a deep 
motor branch, the PIN. It gives off branches to the extensor 
carpi radialis longus and brachioradialis before giving off 
the PIN branch. The extensor carpi radialis b revis is variably 
supplied by branches arising from the radial nerve, the PIN 
or the SRN. The PIN continues on between the superficial 
and deep head of the supinator muscle that it supplies, and 
then exits on the dorsal forearm. After it emerges from the 
distal border of the supinator, the PIN immediately sends 
short branches to the extensor digitorum commun is, exten¬ 
sor carpi ulnaris, and extensor digiti quinti. It then sends 
off long fibers that split into a médial and a latéral branch. 
The médial branch supplies the extensor pollicis longus and 
the extensor indicis proprius, whereas the latéral branch 
supplies the extensor pollicis brevis and abductor pollicis 
longus in descending order, although there may be consid¬ 
érable variation. 

Repair at the Elbow. The volar approach to the radial nerve 
is through an antérolatéral incision, developing the inter¬ 
muscular interval between the brachialis and brachioradia¬ 
lis (Fig. 9-14A and B). Récurrent branches from the radial 
artery must be divided to gain access to both nerve branches. 
Separate repair of the SRN and the PIN branch is relatively 
straightforward. In general, the SRN is not grafted in case 
some of the motor axons are misdirected. 




FIGURE 9-13 A. Neuroma-in-continuity of the ulnar nerve sensory branch 


to the small finger. B. LABCN graft after neuroma resection. 
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FIGURE 9-14 A. One-month-old proximal radial nerve lacération. 
B. Strip of posterior epineurium is sutured (arrow) to take the tension 
off the repair. C. Completed epineurial repair. 

Repair in the Forearm and Wrist. The PIN nerve is 
approached through a dorsolateral approach, developing 
the plane between the extensor carpi radialis brevis and 
the extensor digitorum communis. At this level, the PIN 



FIGURE 9-15 Posterior interosseous nerve in jury. A. Dorsal approach 
to left forearm demonstrating a PIN in jury after plating of a proximal 
radius fracture. B. Interposed nerve grafts. 


contains motor fibers only; hence, separate fascicle identi¬ 
fication is unnecessary. The PIN also has a short distance to 
travel to reinnervate the motor end plates, which accounts 
for the generally favorable results (Fig. 9-15A and B). Lac¬ 
érations of the superficial branch in the forearm are not usu- 
ally grafted, which allows harvest of the SRN for grafting 
adjacent nerve injuries. Some authors do advocate grafting 
the SRN at the wrist, mostly to prevent symptomatic neu- 
roma formation. 

POSTOPERATIVE REHABILITATION 

After nerve repair the réhabilitation focuses on 3 areas: ini¬ 
tial immobilization to protect the repair, joint mobilization 
to promote longitudinal excursion of the nerve, and sensory 
rééducation. Prior to wound closure, the adjacent joints are 
placed in various degrees of flexion and extension in order 
to détermine the optimum limb position that unloads the 
repair site. This position is maintained with a blocking splint 
for 3 weeks, but a protected short arc of motion may be insti- 
tuted to provide some nerve gliding. 
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Outcomes Following Repair/Graft 

Most sériés report the results of nerve repair using the 
British Medical Research Council grading System that has 
been modified by Dellon. 9 In this classification, scores of 
SO and MO represent absent sensory and motor function, 
respectively, while scores of SI or S2 and Ml or M2 represent 
détectable but less useful function. S3 equates to recovery 
of pain and touch sensibility, with 2-point discrimination 
(2-pd) of >15 mm, while S3+ equates to 2-pd of 7 to 15 mm, 
and S4 is normal sensation. A grade of M3 equates to a recov¬ 
ery of muscle strength that is sufficient to overcome gravity. 
M4 is strength with gravity and added résistance, while M5 
is normal. As noted below, however, many other classifica¬ 
tions are also in use, which can make comparison between 
studies difficult. 

Ruijs et al performed a meta-analysis after microsurgi- 
cal nerve repair of 623 médian or ulnar nerve injuries. 10 
Motor and sensory recovery were significantly associ- 
ated. In ulnar nerve injuries, the chance of motor recov¬ 
ery was 71% lower than in médian nerve injuries. Kallio 
and Vastamaki evaluated 132 patients (mean âge 28 years) 
with injuries to the médian nerve at an average 10.4 years 
after repair. 11 Most of the nerve lésions were sharp (76) or 
blunt (47) injuries. Division was total in 87 cases, and most 
were at the wrist level. Secondary repair was performed in 
34 cases and fascicular grafting in 98 cases. The average gap 
was 5.8 cm. Excellent or good results were obtained in only 
49.2%. The resuit of nerve repair was poor in patients aged 
over 54 years, when the level of the in jury was more than 
56 cm proximal to the fingertip, if the preoperative delay 
was more than 24 months, or if the graft length was more 
than 70 mm. 

Secer et al reported the results of 407 ulnar nerve inju¬ 
ries caused by gunshot wounds. A good outcome was noted 
in 15% of patients who underwent high-level repair, 29% 
of patients who underwent intermediate-level repair, and 
49% of patients after low-level repair. 12 The critical period 
for surgery was within 6 months of injury. Although the 
optimal graft length was found to be 5 cm, this finding was 
not statistically significant. Kim et al examined 45 patients 
following surgically treated PIN entrapments (21) or inju¬ 
ries (23). 13 Seven underwent suture repair, 7 were grafted, 
and the rest underwent neurolysis. Most muscles achieved 
LSUHSC Grade 3 or better. Kim et al reported M3/S3 in 72% 
of 50 patients. 13 Dauotis et al noted that M3 or better was 
achieved in 68% and S3 or better in 75% of 47 patients with 
médian nerve grafts. 14 Millesi achieved M4 or better in 61% 
and S 3 o r better i n 42%. For the ulnar nerve, h e reported M4 
or better in 49% and S3 or better in 27%, whereas he reported 
S3+ or better in only 22% for digital nerve repairs. 5 It is com- 
monly accepted that the results are far better in children than 
in adults. Tomei et al evaluated 25 nerve repairs at the wrist 
in children under âge 15 years with a minimum foliow-up of 
12 months. 15 The sensory results were often excellent (S4 or 
S3+ in 23/25 cases), whereas motor recovery ranged between 
M2 and M3. 


Kallio studied 95 patients with 254 completely divided 
digital nerves at an average of 12.4 (5-20) years after repair. 16 
Secondary epineurial suture was used in 53, fascicular graft¬ 
ing in 37, and fascicular suture in 5. Useful sensory function 
was recovered in 79% of the nerves operated on with epineu¬ 
rial or fascicular suture and in 56% with fascicular grafting. 

ALTERNATE METHODS OF NERVE 
RECONSTRUCTION 

Nerve Conduits 

Neurotrophism is the ability of chemotactic hormonal or 
growth factors to enhance the rate of nerve régénération. 
Neurotrophic factors produced by the target end organ 
undergo rétrogradé axonal transport and help support the 
cell body. Neurotropism describes the directional accuracy 
of that régénération. The growth cône is attracted to neuro- 
tropic proteins that are derived from the distal degenerating 
nerve segment after nerve transection. These phenomena 
hâve been exploited through the use of synthetic or natu- 
ral conduits to bridge the nerve gap. Histologically, fibrin 
clôt develops inside the tube within hours. Within the first 
week longitudinally oriented fibrin matrix bridges span the 
nerve gap. In the second week, fibroblasts, Schwann cells, 
macrophages, and endothélial cells permeate the matrix. 
Axon sprouts from proximal nerve reach the distal stump 
and become myelinated by the fourth week. The axons elon- 
gate down intact the distal endoneurial tubes and reinner- 
vate the target organs. Nondegradable tubes out of silicone 
were initially used. More recently, natural prosthetic tubes 
hâve included freeze/thawed muscle (which contains a basal 
lamina) and autogenous vein grafts. Biodégradable synthetic 
material includes polyglycolic acid (PGA), caprolactone, 
and collagen. The postoperative réhabilitation includes early 
mobilization of the part since tension on the repair site is 
not a considération, foliowed by appropriate sensory and/or 
motor retraining. 

INDICATIONS 

Conduits are indicated for reconstruction of small-diameter, 
noncritical sensory nerves with a gap of less than 3 cm. They 
can be used with digital replantation with nerve gaps of less 
than 3 cm and in the mangled hand if a primary, tension-free 
nerve repair cannot be achieved in the acute setting and if 
the gap is less than 1 to 2 cm. They are indicated in associa¬ 
tion with flexor tendon repair in zone 2 to create a tension- 
free repair and allow early mobilization. Relative indications 
include nerve reconstruction after resection of a traumatic 
neuroma or a neoplasm. They can be used as a wrap a round 
a partially injured nerve or after neurolysis of a scarred 
nerve. Large-diameter mixed sensorimotor nerves should be 
approached with caution. MacKinnon has noted the formula 
for volume (V = nx radius x 2 x length); hence, doubling the 
radius would require using a conduit that is one fourth the 
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length in order to maintain an equal volume and concentra¬ 
tion of trophic factors. 

CONTRAINDICATIONS 

These include uncertainty about the viability of the nerve 
ends, especially with avulsion injuries, blast injuries, and 
gunshot wounds, local or systemic infection, and inadéquate 
soft tissue coverage. When placed in superficial locations, 
the nerve conduit may be palpable for up to 1 year. PG A 
conduits are more likely to extrude due to their more rigid 
nature than collagen conduits and require thicker soft tis¬ 
sue coverage. Relative contraindications include nerve gaps 
greater than 3 cm and a pure motor nerve déficit. 



SURGICAL TECHNIQUE 

Synthetic Conduits. The procedure is done with the patient 
supine and the extremity on an arm board under tourniquet 
control. Microsurgical instruments are needed, but high- 
power loupe magnification is usually sufficient, although a 
fascicular dissection may be performed under the operating 
microscope. The proximal and distal nerve ends are identi- 
fied and meticulous hemostasis is obtained. The tension-free 
gap is measured with the adjacent joints in full extension. The 
nerve stumps are trimmed under magnification until healthy 
fascicles are identified. The minimum distance between t he 
ends is 5 mm with the maximum 3 cm. The diameter of the 
nerve is measured with a ruler to détermine the appropri- 
ate size conduit. The inner diameter of the tube should be 
equal to or slightly larger than the diameter of the nerve to be 
implanted. Some synthetic conduits require saline immer¬ 
sion prior to implantation. Conduit size ranges from 2 to 
10 mm and 4 cm in length. After the correct size is chosen, 
1 nerve end is pulled into the conduit so that 2 to 5 mm of the 
nerve lies within the conduit or a distance equal to or greater 
than the nerve diameter. An 8-0 or 9-0 nylon is used to draw 
the nerve ends into the conduit using a horizontal mattress 
stitch (Fig. 9-16A and B). Either the proximal or distal end is 
sutured first. The stitch is passed from the outside to inside 
of the conduit wall at least 1 mm from its end. The suture 
is next passed transversely through the epineurium 2 to 
3 mm from the stump and then back through the conduit 
from inside to out and tied after the stump is drawn into the 
conduit. The conduit lumen is filled with stérile saline for 
collagen tubes and heparinized saline for PGA tubes as per 
the manufacturer recommendation, to prevent air bubbles or 
blood clôt formation that may impede axonal ingrowth. 



FIGURE 9-16 Collagen conduit for digital nerve reconstruction. 
A. Partially completed collagen conduit demonstrating t he horizontal 
mattress suture. B. Conduit filled with saline. 


sensory defect and minimal cost as compared with the com- 
mercially manufactured synthetic conduits. The superficial 
veins on the dorsum of the hand are of an appropriate cali- 
ber for digital nerve reconstruction (Fig. 9-17A-C). Chiuhas 
noted that there is a fairly constant dorsal vein that runs lon- 
gitudinally in line with the fourth web space and is usually 
adjacent to the dorsal cutaneous branch of the ulnar nerve. 
The AVNC is reversed due to the possible presence of venous 
valves. The eut proximal end of the nerve is placed in the end 
of the vein that was distal (in situ) using a telescoping suture. 
The same is done to the other end of the nerve after the vein 
graft is eut to the appropriate length. Some authors prefer 
to use lower extremity veins only since they are thicker and 
hâve less of a tendency to collapse. 


Autogenous Vein Grafts . The use ofautologous veins as a bio¬ 
logie tube to reconstruct a nerve gap has been well described 
over the past century. Chiu and Strauch hâve championed 
the use of autogenous venous nerve conduits (AVNC) for 
the reconstruction of digital sensory nerve defects of 3 cm 
or less. 17 They hâve demonstrated clinical results that com¬ 
pare favorably with autologous nerve grafts. Advantages of 
the AVNC include the avoidance of a cutaneous donor-site 


POSTOPERATIVE REHABILITATION 

Repair of other tendon or muscle injuries will influence the 
réhabilitation. With an isolated nerve reconstruction the 
affected part is immobilized with the adjacent joints in neu- 
tral. Composite extension or flexion in the opposite direction 
of the repair is avoided to prevent tension that could dislo- 
cate a nerve end from the conduit. Range of motion exercises 
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FIGURE 9-17 A. Harvest of dorsal vein conduit. B. Reversed vein graft 
prior to anastomosis. C. Completed repair. 


are started at 10 days foliowed by strengthening exercises at 
6 weeks and sensory rééducation for the next year. 

OUTCOMES 

Lundborg et al comparedtubulation using a silicone conduit, 
after intentionallyleaving a 3- to 4-mm nervegap (11 cases) 
with a conventional microsurgical repair of transected 


médian and ulnar nerve repairs (7 cases) in the forearm. 
The results showed no significant différences between the 
2 techniques, although the silicone tubes had to be removed 
at a later date, due to compression of the reformed nerve. 18 
Chiu and Strauch did a sériés of animal experiments bridg- 
ing gaps of 1.0 to 6.0 cm using autogenous vein grafts. 17 The 
technique includes suturing a reversed vein graft in place 
distally so that the valves in the vein cannot collapse and 
block axonal migration. The proximal repair is performed 
after filling the vein with saline to présent clôt formation that 
will produce scarring that can obstruct the axons. In their 
clinical sériés, Chiu and Strauch reported comparable results 
to those obtained with nerve repair and grafting for sensory 
nerve defects of <3 cm. 

Weber et al performed a randomized, prospective, mul- 
ticenter évaluation on 98 subjects with 136 nerve transec- 
tions in the hand comparing a polyglycolic conduit with 
either end-to-end or a nerve graft for nerve repair. 19 There 
were 56 nerves repaired in the control group and 46 nerves 
repaired with a conduit available for follow-up. The overall 
results showed no significant différence between the 2 groups 
as a whole. Nerves with gaps of 4 mm or less had better sensa¬ 
tion when repaired with a conduit; the mean moving 2-point 
discrimination (MPD) was 3.7 ±1.4 mm for PGA tube repair 
and 6.1 ± 3.3 mm for end-to-end repairs (P= .03). Ail injured 
nerves with déficits of 8 mm or greater were reconstructed 
with either a nerve graft or a conduit. This subgroup also 
demonstrated a significant différence in favor of the PGA 
tube. The mean MPD for the conduit was 6.8 ± 3.8 mm, with 
excellent results obtained in 7 of 17 nerves, whereas the mean 
MPD for the graft repair was 12.9 ± 2.4 mm, with excellent 
results obtained in none of the 8 nerves (P <.001 and =.06, 
respectively). Bertleff et al examined the results of using a 
caprolactone tube versus primary repair in 34 digital nerve 
lésions with gaps <2 cm. 20 The results with the conduits were 
equal to those of repair as evaluated by the pressure-specified 
sensory testing device and 2-pd. 

Rinker and Liau performed a therapeutic level II study 
evaluating the sensory outcomes in 37 patients with 68 nerve 
injuries, with gaps of 3 cm or less, that precluded a direct 
repair. 21 The patients were randomized to a nerve repair with 
either a woven PGA conduit or autogenous vein graft. The 
médian âge was 35 years (range, 19-76). A power analysis 
determined 28 nerve repairs provided an 80% chance of 
detecting a statistical différence with a 95% confidence inter¬ 
val (CI). They repaired 36 nerves with the PGA conduit and 
32 with vein. The nerve gaps ranged from 4 to 25 mm (mean, 
10 mm). The mean static 2-point discrimination (SPD) and 
MPD at 12 months for the synthetic conduit group were 

7.5 ±1.9 and 5.6 ± 2.2 mm, compared with 7.6 ± 2.6 and 

6.6 ± 2.9 mm for the vein group. When patients were divided 
up into a short gap <10 mm or long gap >10 mm, there were 
also no statistical différences between the PGA and vein con¬ 
duit repairs. There were 2 extrusions in the synthetic conduit 
group requiring reoperation. 

Marcoccio and Vigasio treated 17 patients with 21 digital 
nerve defects using a vein conduit filled with fresh skeletal 
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muscle. 22 The donor vein and fresh muscle segments are 
obtained through a 5-cm skin incision in the proximal fore- 
arm. A suitable vein graft is harvested and a 22-gauge can- 
nula is introduced into the lumen of the vein. A longitudinal 
segment of muscle fibers is harvested slightly longer than 
the vein graft. A 7-0 nylon suture is used to draw the muscle 
into the vein graft, and then removed. A tension-free repair 
is performed as described above. The average nerve gap was 
2.2 cm (range, 1-3.5 cm). At a mean follow-up of 43 months 
(range, 18-96 months), 5 patients achieved S4 with com¬ 
plété recovery of SPD of 2 to 6 mm and MPD of 2 to 3 mm; 

9 patients achieved S3+ with SPD of 7 to 15 mm and MPD of 
4 to 7 mm but with good localization of stimulus; 3 patients 
achieved S3 with SPD of >15 mm, MPD >7 mm, and recov¬ 
ery of pain and touch sensibility; 1 had S2 with recovery of 
superficial pain and some touch sensibility; and 4 had SI 
with recovery of superficial pain and some touch sensibility 
only. 

End-to-side Repairs 

Experimental data in both rabbit and primate models hâve 
shown that intact donor nerves hâve the ability to sprout lat¬ 
éral branches from their axons that can grow through endo- 
neurium, perineurium, and epineurium and reinnervate 
target organs with functional sensory and motor results. 23 
These results hâve also been duplicated in human studies 
that hâve included root avulsions of the brachial plexus, as 
well as patients with large gaps in peripheral nerves. A stan¬ 
dard end-to-side anastomosis involves suturing the récipient 
nerve into an epineural window that is created in the donor 
nerve (Fig. 9-18). An advantage of this technique is that the 
donor nerve does not lose any function. 

End-to-side repairs cannot replace a Sound primary 
repair, but they hâve been used as an adjunctive procedure 
in the following situations: intact nerve to the musculocu- 
taneous to neurotize the biceps muscle, distal stump of the 
ulnar nerve to the médian nerve at the wrist in high ulnar 
nerve palsies or vice versa, and ulnar digital nerves to intact 
médian sensory nerves. The limb is splinted for 3 weeks in a 
tension-free position, followed by motor and sensory rééd¬ 
ucation. The procedure is best done early since the results 
deteriorate if delayed beyond 6 months. In Mennens sériés of 
56 patients that included 33 ulnar to médian and 7 médian to 
ulnar repairs, >M3/S3 was achieved in 56%. 24 

Neurotization 

Brunelli et al pioneered the concept of direct neurotization of 
denervated muscles in situations where the motor nerve has 
been avulsed and direct nerve suture or grafting is not pos¬ 
sible. 25 They demonstrated in rat and rabbit models that an 
axon that is in contact with a denervated muscular fiber can 
form a new neuromuscular junction. The motor end plate 
is, in fact, not an anatomie formation but rather a functional 
alteration of the axon endings and the muscular fibers that 
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FIGURE 9-18 End-to-side repair to third common digital nerve. 


develop when they are in contact with each other. A prerequi- 
site for this procedure is that there is some residual trophism 
of the muscle. This is manifested by the presence of fibril¬ 
lation potentials on the EMG. The procedure is contraindi- 
cated if there is muscle atrophy without fibrillation potentials 
or if there is extensive scarring or joint stiffness. The donor 
nerve is retrieved and sectioned transversely until healthy 
fascicles are seen. The junction of the proximal one fourth 
and distal three fourths of the muscular belly is exposed. A 
SN graft of adéquate length is harvested a nd sutured end to 
end to the donor nerve. The distal part of the nerve graft 
is freed from the epineurium and is divided into as many 
artificial fascicles as possible. The epineurium of the graft is 
sutured to the muscle épimysium in order to prevent graft 
retraction. A number of slits are made at different depths 
and as widely separated as the graft will permit. The arti¬ 
ficial fascicles are then implanted into the muscle and held 
in place with fibrin glue and epineurial sutures and immo- 
bilized for 15 days, followed by mobilization. The limbs are 
immobilized for 15 days in order to prevent avulsion of the 
implanted nerve. Rééducation is started with joint mobili¬ 
zation and electrotherapy. In Brunellis sériés of 80 patients, 
M4/M5 motor strength was achieved in 72 of the cases. 
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RATIONALE AND BASIC SCIENCE 

Traditionally, the restoration of sensory nerve function has 
been through the use of direct end-to-end coaptation of the 
injured nerve ends. In the case of segmentai nerve damage, 
sensory nerve grafts, conduits, or allogeneic materials hâve 
been used to bridge the gap. While these techniques are still 
popular, sensory nerve transfers are also useful in a variety 
of clinical scénarios. 

Knowledge of the pathophysiology of the nerve in jury is 
critical to determining whether a nerve transfer is an appro- 
priate treatment option. Any sensory nerve that is likely to 
recover spontaneously should be left alone. These “favorable” 
nerve injury subtypes include a first-degree conduction 
block (neurapraxia) in the Seddon classification, which will 
recover fully within a few months, and second-degree (axo- 
notmetic) and third-degree injuries where the connective 
tissue framework is still intact so that recovery is still possi¬ 
ble, but incomplète. Third-degree nerve injuries may require 
repair if they are associated with severe neuropathie pain. 1 

Fourth-degree (neuroma-in-continuity) and fifth-degree 
(neurotmesis or transection) injuries will require repair and, 
in certain cases, a nerve transfer might be indicated. A nerve 
transfer might be especially indicated in the treatment of a 
sixth-degree or mixed in jury because a nerve transfer may be 
done distal to the area of injury to restore critical sensation. 
This avoids the need for a potentially dangerous intrafascicu- 
lar dissection within the zone, which may lead to downgrad- 
ing any function that is preserved. 

INDICATIONS 

Sensory nerve transfers can be performed in cases where a 
proximal nerve stump is not available. One example of this is 
a brachial plexus in jury. For example, in C 5/6 nerve root avul¬ 
sions, critical sensation to the thumb is absent. No proximal 
nerve is available for a direct repair; therefore, the only option 
for restoration of sensation in that territory is to reroute the 
sensory axons from an adjacent sensory territory such as 
from the intact neighboring nerve to the third web space. 2 


Technical factors may also influence the use of distal nerve 
transfers. Gunshot wounds or other trauma with multiple 
structures involved and incomplète distal return of sensory 
function are often better managed by a distal sensory nerve 
transfer. A previous vein grafted arterial repair or signifleant 
scarring might preclude direct exploration and grafting of 
the sensory nerve. With multiple nerve injuries, the autolo- 
gous nerve grafts are preferentially used for the restoration 
of motor function; hence, sensory nerve transfers are a good 
option when donor grafts hâve been used up. 3 

While sensory nerve injuries are not as time sensitive as 
motor nerve injuries, they can be used to restore sensibil- 
ity in months rather than years. In cases of brachial plexus 
in jury or high médian or ulnar nerve in jury, nerve transfers 
hâve become our primary modality for sensory reconstruc¬ 
tion in parallel to the senior author’s (S. E. M.) development 
and use of motor nerve transfers in the forearm. 

In contrast to the urgency necessitated by time constraints 
in nerve transfers for motor function, there is little, if any, 
time-related urgency in sensory reconstruction. According 
to contemporary data foliowing delayed médian nerve graft¬ 
ing, excellent results can be obtained despite long intervals to 
sensory reconstruction. Clinical judgment and electrodiag- 
nostic examination are used to détermine potential for sen¬ 
sory recovery folio wing a closed nerve in jury. In the setting 
of mixed motor and sensory loss, lack of recovery in proxi¬ 
mal muscles leading to nerve transfers for motor function at 
3 to 6 months post injury would suggest a similar need for 
sensory transfers for the digits. For proximal nerve injuries 
with progressing Tinel sign, distal motor nerve transfers (eg, 
AIN to deep motor branch of ulnar nerve) may be required 
due to long régénération distances that obviate timely motor 
reinnervation. In these cases, however, sensory reinnerva¬ 
tion may eventually occur as a resuit of ongoing régénéra¬ 
tion from the original site of in jury. Whether to perform 
nerve transfers for digital sensation is then at the discrétion 
of the patient and the surgeon. If the decision is made to pro- 
ceed with nerve transfers, the proximal end of the récipient 
nerve must be properly transposed since an eventual pain- 
ful neuroma from regenerating nerve fibers is likely. When 
nerve discontinuity is known to exist, such as in traumatic 
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disruption or surgical ablation, sensory reconstruction may 
essentially be performed at any time. 

Nerve transfers can be performed in patients of any âge; 
however, the results (as for any peripheral nerve procedure) 
are often superior in younger patients. 

CONTRAINDICATIONS 

The primary relative contraindication for nerve transfer is 
when a direct end-to-end nerve repair is possible. 

If no donor nerves are readily available, a sensory nerve 
transfer cannot be performed such as in pan-plexus injuries 
where there are no readily available nearby donors. However, 
even in these relatively extreme cases, some investigators 
hâve tried using the sensory component of intercostal nerves 
to restore rudimentary sensation to the critical areas of the 
hand. 4 ' 5 

Another contraindication to nerve transfer is in the case 
of a nerve in jury that has some potential for recovery. If a 
nerve transfer is done, the récipient nerve is transected that 
may lead to neuroma formation of the proximal stump if 
there is any eventual axonal ingrowth. To prevent t his it is 
good practice to bury the proximal stump in muscle, remote 
from the coaptation site. 

SURGICAL TECHNIQUE 

The patient position will dépend on the nerve transfer being 
done. The radial to axillary sensory end-to-side transfer is 
typically done at the same time as the corresponding motor 
nerve transfers and is done with the patient in the prone 
position with the arm completely prepped from the poste- 
rior shoulder to the tips of the fingers. A curvilinear inci¬ 
sion is made at the posterior border of the deltoid muscle 
and extending in a longitudinal fashion along the midaxis 
of the posterior arm for exposure of the donor and récipient 
nerves. For other sensory nerve transfers, the patient is posi- 
tioned supine with the arm abducted on a hand table. 

A tourniquet may be used; however, for cases where intra¬ 
operative stimulation of the motor components of the nerves 
is required, the tourniquet time should be limited to 20 min¬ 
utes or stimulation should be done early in the case. Another 
option is to forgo use of the tourniquet and to infiltrate the 
incision with 1:100,000 epinephrine solution along with pro- 
viding meticulous hemostasis. 

General anesthésia is typically used as a Bier or other 
régional block precludes intraoperative stimulation. Limited 
use of short-acting paralytics is acceptable, but clear com¬ 
munication between anesthesiologist and surgeon is critical. 
Patients with preexisting complex régional pain syndrome 
might benefit from perioperative Stella te ganglion blocks or 
(if intraoperative nerve stimulation is not required) use of a 
Bier block supplemented with dexmedetomidine. 6 

In ail nerve transfers, the donor nerve should be eut as 
far distally as possible; it can then be transposed over toward 


the récipient nerve in a tension-free manner. Intraneural dis¬ 
section of the récipient nerve is done at that point and more 
proximally to allow a loose, tension-free closure. 

Intraoperative nerve stimulation can be helpful in identi- 
fying and mapping intact motor fascicles in the donor nerve 
and in the récipient nerve if présent. A disposable handheld 
nerve stimulator set to 2 mA is used. 

Once the donor and récipient nerves are properly iden- 
tified and isolated, adéquate length must be obtained to 
achieve tensionless coaptation at ail extremes of joint posi¬ 
tion. The fascicles to be transferred are dissected with 
meticulous microneurosurgical technique as far proximally 
and distally as necessary or possible. We repeat the mantra, 
“Donor distal, récipient proximal,” to recall that a favorable 
coaptation is achieved with distal length of the donor nerve, 
and proximal length of the récipient nerve. A fresh 15 blade 
and the use of a tongue depressor as a cutting board ensure 
a relatively clean nerve transection and microscissors can 
be used to trim back bulging fascicles. Coaptation is per¬ 
formed with the operating microscope using microsurgical 
instruments and 9-0 nylon suture for an epineurial repair. 
The nerve ends are gently apposed so that the fascicles are 
just touching. Too tight of an epineurial repair or a repair 
done under tension will impair subséquent régénération. 

Table 10-1 outlines the nerve transfer options for typical 
patterns of sensory loss. Some in jury patterns hâve more than 
one option for donor nerve material. More detailed informa¬ 
tion is provided in the followingtext and attached figures. 

Nerve Transfer for Upper Plexus Injury 

For patients with upper brachial plexus nerve root avul¬ 
sions, loss of sensation in the thumb (C6 dermatome) and 
index finger (C7 dermatome) will significantly affect nor¬ 
mal préhension. Noncritical intact sensory nerves from 
the functioning fourth web space (C8 dermatome—spared 
in a C5-7 upper plexus injury) is used as donor material to 
restore more critical first web space sensation on the “pinch” 
surfaces of the thumb and index finger. (Occasionally, the 
sensation in the third web space will be functional on the 
ulnar side of the long [C7] and the radial side of the ring [C8] 
and this can also be used as a donor.) A similar transfer can 
be done in very proximal médian nerve injury or in cases 
where direct repair of the médian nerve is contraindicated 
or technically impossible. 7 In that case, again, the fourth web 
space common digital nerve is functioning because the ulnar 
nerve is uninjured. See Figure 10-1. The dorsal cutaneous 
branch of the ulnar nerve (DCU) can also be used for trans¬ 
fer material. 2,8 

Nerve Transfer for Axillary Nerve Injury 

Also, in patients with upper brachial plexus or direct axillary 
nerve injury, there is loss of sensation at the latéral aspect 
of the shoulder. This numbness, while less critical for func- 
tion, is annoying for patients and sensation can be restored 
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TABLE 10-1 : Examples of Basic Sensory Nerve Transfer Techniques that c an be Used with Location of Surgery 
(Incision, Dissection, and Coaptation Site) 

Injury Pattern/Deficit 

Nerve Transfer (Donor to Récipient Nerve Branch) 

Location of Surgery 

Upper plexus in jury (C5/6/7)—loss 
of thumb sensation 

Axillary nerve in jury 

Médian nerve in jury 

Ulnar nerve in jury 

For C5/6 in jury—third web space to thumb 

For C5/6/7 in jury—fourth web space to thumb 

Radial nerve to axillary sensory component (this should 
be done in an ETS fashion with axillary nerve end 
into side of radial nerve) 

Fourth web space (or dorsal cutaneous branch of ulnar 
nerve) to first web space 

Third web space (médian innervated) to ulnar nerve 
sensory component (ulnar ring and entire small finger) 

Distal forearm (extended CTR incision provides 
additional topographie landmarks) 

Posterior arm incision (follow border of 

posterior deltoid to midaxial posterior arm) 

Distal forearm (extended palmar incision with 
CTR can provide topographie landmarks) 

Distal forearm (extended palmar incision with 
CTR can provide topographie landmarks) 


CTR, carpal tunnel release; ETS, end to side. Additional end-to-side coaptations may provide restoration of rudimentary sensation to the donor nerve territory (please 
see figures for details). 





End-to-side nerve transfers 
Distal 3rd web space fascicle of médian 

Sensory component of ulnar 


FIGURE 10-1 A. Nerve transfer to restore upper brachial plexus (C6/7) innervated critical sensory territory—anatomy and intraneural topography. 
a. With C5, C6 brachial plexus in jury, sensation is lost in a dermatomal distribution, b. The goal is to restore sensation to the critical area of loss—the 
thumb. c. An end-to-end nerve transfer from the donor third web space fascicle of médian nerve (C7 and C8 innervated) to récipient thumb and first 
web space fascicles of médian nerve is performed. An end-to-side transfer from the ulnar nerve main sensory component is used to restore rudimen¬ 
tary sensation back to the third web space distal donor fascicle. 
















116 


Section I Hand 


A-d 


Critical sensation 


A-e 


Noncritical sensation 


(N) 1 st web space and 
radial aspect of thumb 


Médian nerve Ulnar nerve 

(N) Sensory (N) Motor component 



(N) Proximal 3rd web space 


(N) Récurrent thenar 


(N) 2nd web space 


(N) 


Dorsal cutaneous 


Key: 


- Donar 

- Critical récipient 

- Noncritical récipient 


(N) 1 st web space 
and radial aspect 
of thumb 


Médian nerve Ulnar nerve 

(N) Sensory (N) Motor component 
component 




(N) Récurrent thenar 


(N) Distal 3rd web space 
(N) 2nd web space 
(N) Dorsal cutaneous 


€ 



(N) Récurrent thenar fascicle 



(N) Récurrent thenar fascicle 

V ' 





(N) Radial aspect of thumb 
and 1 st web space fascicles 
(N) Proximal 3rd web space fascicle 
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FIGURE 10-1 ( Continued ) d. Fascicular donor and récipient anatomy for restoration of critical sensation using end-to-end nerve transfer. 
e. Fascicular donor and récipient anatomy for restoration of rudimentary sensation using end-to-side nerve transfer. (Reproduced with permission, 
© 2011, nervesurgery.wustl.edu.) B. Nerve transfer to restore upper brachial plexus (C6/7) innervated critical sensory territory—surgical technique, 
a. The médian nerve donor (third web space— C7/8 innervated) and récipient (thumb— C6 innervated) f ascicles a re identified. For restoration of criti¬ 
cal sensation to the thumb, the donor third web space fascicle is identified on the médial aspect of the médian nerve while the récipient fascicles are 
identified on the latéral aspect of the médian nerve. The ulnar nerve sensory component may also be used as a donor in an end-to-side fashion to the 
distal third web space of médian fascicle to restore rudimentary sensation, b. The donor third web space fascicle is coapted to the récipient fascicles of 
the médian nerve to the thumb in an end-to-end fashion for restoring critical sensation. The récipient distal third web space fascicle of médian nerve 
is coapted to the donor fourth web space branch of ulnar nerve in an end-to-side fashion for restoration of rudimentary sensation. Arrows portray 
direction of nerve régénération. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 


by use of an end-to-side nerve transfer using the latéral side 
of the radial nerve (sensory component) as donor and the 
axillary nerve sensory component as the récipient. An end- 
to-end transfer should not beperformed in this case because 
thatwould cause a donor-site déficit for this area of relatively 
noncritical loss of sensation. This is usually done as part of 
the motor nerve transfers to restore shoulder abduction and 
does not require any additional dissection. 


Nerve Transfer for Médian Nerve Injury 

Ulnar to médian sensory nerve transfer can be done in 
patients with very proximal médian nerve injury or in cases 
where direct repair of the médian nerve is contraindicated or 
technically impossible. In this case, the critical area of sensa¬ 
tion to restore is the first web space. Transfer of the fourth 
web space functioning but noncritical ulnar innervated 
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nerve fascicle into the sensory component (to thumb and 
index finger radial aspect) of the médian nerve can be done. 
This restores sensation to the critical surfaces of the thumb 
and index finger to allow for préhension. 

Digital nerve transfers were traditionally performed with 
distal dissection of proper digital nerves into the digits to 
obtain adéquate length for transposition across the width of 
the hand. Later modification by our group limited dissection 
to the distal palm and, more recently (see Fig. 10-2), further 
limited dissection to the distal forearm. This minimizes inci¬ 
sions on the contact surface of the hand but does require 
intimate knowledge of the internai topography of the nerves. 

If the transfers are done at the level of the palm, the 
proper digital nerves to be transferred are divided distally 
at the level of the web spaces with proximal neurolysis of the 


associated donor and récipient digital nerves from the main 
nerve trunks to allow adéquate length for transposition. 

A carpal tunnel incision with Bruner-type zigzag exten¬ 
sions is used to expose the distal médian nerve and the nerves 
to the first and fourth web spaces. The transverse carpal liga¬ 
ment is divided along its ulnar border. Dissection of proper 
and common digital nerves is routine. Care is taken to main- 
tain integrity of the digital arteries and superficial palmar 
arch, which lie superficial to the plane of the nerves in the 
palm. The nerves to the fourth web space are transected dis¬ 
tally at the metacarpal heads, and then dissected proximally 
to the ulnar sensory group with neurolysis from the motor 
branch as needed to obtain adéquate length for transposi¬ 
tion. The nerves to the first web space are isolated from the 
médian nerve trunk by internai neurolysis. The transfer is 




A-b 


(N) 1 st web space/radial aspect 
of thumb and 2nd web space 
fascicles of médian 


(N) Proximal dorsal 
cutaneous branch of ulnar 



End-to-side nerve transfers 
(N) Distal dorsal cutaneous branch of ulnar 
(N) Distal 3rd web space fascicle of médian 
(N) Sensory component of ulnar 


FIGURE 10-2 A. Nerve transfer to restore médian innervated critical sensory territory—anatomy and intraneural topography. a. With loss of médian 
nerve function, sensation is lost to the latéral and volar aspect of the hand including the thumb, index, long, and radial half of ring fmger. b. The most 
critical area of sensory déficit is at the pinch surfaces of the thumb and index finger. To restore sensation, the dorsal cutaneous branch of the ulnar 
nerve (DCU) may be used as a relatively expendable sensory nerve donor. c. An end-to-end transfer of the donor DCU to the critical fascicles of the 
récipient médian nerve is performed. This includes the médian innervated radial aspect of thumb and first and second web space fascicles. 
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FIGURE 10-2 ( Continued ) End-to-side transfers may be performed to restore less critical sensory territories and include the following: (1) donor 
sensory component of the main ulnar nerve sensory fascicles to récipient DCU nerve (to restore rudimentary sensation back to the donor nerve terri- 
tory) and (2) donor sensory component of the main ulnar nerve sensory fascicles to récipient distal third web space fascicle of médian nerve (to restore 
rudimentary sensation back to a less critical area of lost médian nerve sensation), d. Fascicular donor and récipient anatomy for restoration of critical 
médian innervated sensation using end-to-end nerve transfer. e. Fascicular donor and récipient anatomy for restoration of noncritical sensation using 
end-to-side nerve transfers. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) B. Nerve transfer to restore médian innervated critical 
sensory territory—surgical technique, a. The donor ulnar and récipient médian nerve fascicular components are identified in the forearm. To identify 
the sensory components of t he médian nerve, the fascicle to the thenar muscles was separated away to avoid transferring s ensory nerve fibers into this 
motor nerve. Additionally, the third web space fascicle was separated from the remaining médian nerve sensory component to the radial aspect of 
the thumb, first web space, and second web space. b. The donor DCU nerve branch is coapted to the récipient main sensory component of the médian 
nerve in an end-to-end fashion for restoration of the areas of critical sensation. The récipient distal DCU nerve branch and récipient distal third web 
space fascicle of the médian nerve are coapted to the donor sensory component of the ulnar nerve in an end-to-side fashion for restoration of rudi¬ 
mentary sensation. Arrows indicate the direction of eventual nerve régénération. (Reproduced withpermission, © 2011, nervesurgery.wustl.edu.) 


completed when sufficient length is obtained of the donor 
nerves distally and of the récipient nerves proximally. A 
caveat to this rule, owing to the more proximal location of 
the thumb, is that proximal dissection of the fourth web 
space donor nerves can also provide additional length for 
transfer. A tension-free end-to-end coaptation is performed. 


Nerve Transfer for Ulnar Nerve Injury 

Médian to ulnar sensory nerve transfer can be done in 
patients with very proximal ulnar nerve in jury, or in cases 
where direct repair of the ulnar nerve is contraindicated 
or technically impossible. In this case, the critical area of 
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sensation to restore is the ulnar border of the hand. Transfer 
of the third web space functioning but noncritical médian 
innervated nerve fascicle into the sensory component of the 
ulnar nerve can be done. This restores sensation to the volar 
and ulnar border of the hand as well as to the fourth web 
space. Restoration of sensation to the fourth web space is not 
critical for hand function, but the third web space nerve is a 
reasonably good size match to the entire sensory component 
of the ulnar nerve to the volar hand (the DCU is typically not 
included). 2,9 Sensation to the DCU territory can be achieved 
by either end-to-side or end-to-end transfer. The DCU can 
be coapted in an end-to-side fashion using the third web 


space nerve or médian nerve proper as the donor nerve. 
Alternatively, the DCU can be coapted in an end-to-end 
fashion using the palmar cutaneous branch of the médian 
nerve as donor material. We typically perform these nerve 
transfers in the distal forearm (see Fig. 10-3), but this does 
require detailed knowledge of the internai topography. 

These transfers can also be done in the palm. For this 
approach an extended carpal tunnel incision, positioned just 
ulnar to the ring finger axis, is used to expose the médian 
nerve at the wrist. The transverse carpal ligament is divided 
along its ulnar border, and the terminal médian nerve 
branches are identified as they exit the carpal tunnel. Each 
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FIGURE 10-3 A. Nerve transfer to restore ulnar innervated critical sensory territory—anatomy and intraneural topography. a. With loss of ulnar 
nerve function, sensation is lost at the médial aspect of the hand. To restore sensation, the third web space fascicle of the médian nerve may be used as 
a relatively expendable sensory nerve donor. b. The most critical area of sensory déficit is at the ulnar border or resting surface of the hand. The dorsal 
cutaneous branch of the ulnar nerve (DCU) and donor third web space fascicle of the médian nerve can also be reinnervated by use of end-to-side 
transf ers. c. An end-to-end transf er of the donor third web space f ascicle (médian nerve) to the récipient ulnar nerve sensory component is perf ormed. 
End-to-side transfers from the (i) donor third web space fascicle of médian nerve to récipient DCU and (ii) donor second web space fascicle of médian 
nerve to récipient distal fascicle of third web space may also be perf ormed to restore rudimentary sensation in noncritical areas. 
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FIGURE 10-3 ( Continued ) d. Fascicular donor and récipient anatomy for restoration of critical ulnar innervated sensation using end-to-end nerve 
transfer. e. Fascicular donor and récipient anatomy for restoration of noncritical sensation using end-to-side nerve transfers. (Reproduced with per¬ 
mission, © 2011, nervesurgery.wustl.edu.) B. Nerve transfer to restore ulnar innervated critical sensory territory—surgical technique, a. The donor 
médian and récipient ulnar fascicular components are identified in the forearm. The third web space fascicle is identified on the médial aspect of the 
médian nerve and is separated from the remainder of the médian nerve. b. The donor third web space fascicle of the médian nerve is transected. The 
distal end is coapted in an end-to-side fashion to the remaining intact médian nerve sensory component to restore rudimentary sensation back to 
the donor territory. c. The récipient sensory component of the ulnar nerve is identified on the latéral aspect of the ulnar nerve and is separated from 
the DCU and deep motor branches of the ulnar nerve. d. For critical sensation, the donor third web space fascicle is coapted to the récipient main 
sensory component of the ulnar nerve in an end-to-end fashion. For noncritical sensation, the récipient distal dorsal cutaneous branch of ulnar nerve 
is coapted in an end-to-side transfer to the donor proximal third web space fascicle of médian nerve. Arrows portray direction of nerve r egeneration. 
(Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 
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branch can be tracked proximally within the ribbon-like 
médian nerve visually, without necessarily physically sepa- 
rating one from the others. Specifïcally, the fascicles to the 
radial border of the thumb, the first web, the second web, and 
the third web are distinct in the distal-most médian nerve 
beginning 13 mm proximal to the radial styloid line. This 
represents a conservative estimate based on Sunderlands his- 
tological data, with longer distances available if minor plexi 
are divided using meticulous technique and much discré¬ 
tion. The individual fascicular groups to be isolated, namely, 
the first or third web space nerves, are dissected as distinct 
bundles at the level of the wrist and tagged with vessel loops. 
To reiterate, Ross et al described the unique topography of 
the third web space nerves within the médian nerve, and its 
relevance to use of the third web space fascicle as a donor 
nerve. 10 This article should be reviewed prior to performing 
this procedure for the first time. Of practical note, the fas¬ 
cicle to the radial border of the thumb should be left together 
with the fascicle to the first web space, without separating the 
two, due to the small size of the former and its relative impor¬ 
tance to thumb sensation. The récurrent motor branch may 
be separated and excluded to prevent misdirection of trans- 
ferred sensory axons. A spécial tip for distinguishing the bor¬ 
der of the third web space group from the remainder of the 
médian nerve is to gently “dunk” the fine point of a closed 
jewelers forceps into the interval. Formai physical internai 
neurolysis from distal to proximal is performed as necessary. 

The ulnar nerve is dissected through the same incision. 
Guyon canal is opened, and the terminal sensory fascicles 
of the ulnar nerve are observed. The ulnar sensory group is 
visually traced proximally as described above. At 20 mm dis¬ 
tal to the radial styloid line, the deep motor branch joins the 
ulnar nerve on its dorsal and médial border. The deep motor 
branch usually requires release at the fibromuscular arch of 
the flexor digitorum quinti muscle origin. Proximal to this 
level, the motor group occupies the médial 40% of the nerve, 
and the sensory group occupies the latéral 60% of the nerve. 
The sensory and motor groups can be separated at the level 
of the wrist by using the techniques described above, up to 
a distance 75 mm proximal to the radial styloid line. At the 
wrist, the dorsal sensory branch may be encountered médial 
to the ulnar nerve proper. The dorsal sensory branch sépa¬ 
râtes from the ulnar nerve 5 to 10 cm proximal to the wrist 
crease, and travels from volar to dorsal between the tendon 
of flexor carpi ulnaris and the head of the ulna to supply 
cutaneous innervation to the dorsal hand. The donor médian 
nerve branch is eut distally and the récipient ulnar sensory 
component is eut proximally. The 2 ends are coapted in a 
tension-free fashion. The DCU and ulnar motor branches 
are deliberately excluded from this sensory transfer. 

Unique Sensory Nerve Transfer 

Additional sensory nerve transfers can be done to restore 
critical sensation and avoid long nerve grafts in a variety of 
unique clinical situations. For example, in the case of a blast 


injury to the hand and disruption of the sensory portion of 
the ulnar nerve, the goal was to prevent painful neuroma 
and restore critical sensation. Poor soft tissue coverage (skin 
graft to palm) and loss of the small finger created a situation 
where nerve grafting was not a viable option. Nerve grafts 
from the proximal nerve stump through a skin grafted bed 
to the single remaining distal ulnar sensory nerve fascicle 
would set the patient up for a forearm or palm level neuroma 
of the sensory component of the ulnar nerve. Therefore, dis¬ 
tal nerve transfer was used to restore sensation to the new 
ulnar border of the hand (the ulnar aspect of the ring fin¬ 
ger) and the proximal stump of the ulnar nerve was buried 
more proximally deep within the forearm muscles to prevent 
painful neuroma. In this case of blast in jury to the médial 
border of the hand, there was concern for some neurapraxia 
of the médial portion of the médian nerve, so the index ulnar 
digital nerve was used as donor material (Saheb-Al-Zamani 
M, Yee A, Fox IK. Interdigital sensory nerve transfer folio w- 
ing digital amputation: case report and review. Unpublished 
data, 2012). See Figure 10-4. 

For many of these sensory nerve transfers, the distal 
end(s) of the donor nerve may be dissected and coapted 
end-to-side to adjacent intact sensory nerves, without need 
for epineurotomy. The free proximal end of the récipient 
nerve should also be properly considered, since it must be 
appropriately transposed if there is any possibility that nerve 
régénération from a more proximal source could eventually 
resuit in a painful neuroma. 

The skin is closed foliowing careful hemostasis to avoid 
excess scarring in the surgical field. Dressings are removed 
at the first postoperative visit, and the patient is allowed 
to shower. The wrist is immobilized with a volar splint for 
7 to 10 days to protect the repair, and the fingers are left 
free to allow early range of motion. As nerve régénération 
progresses and the patient regains sensation, a program of 
sensory rééducation is routinely initiated and critical to 



FIGURE 10-4 A. Case présentation of a gunshot wound to the hand. 
A 5-year-old female presented to our institution with a gunshot wound 
to the ulnar aspect of the hand. Initial exploration and small finger 
amputation were completed. The sensory component of the ulnar 
nerve was injuredwith segmentai loss and need for soft tissue coverage. 
(Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 
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FIGURE 10-4 ( Continued) B. Illustration of gunshot wound and nerve injury within the hand. The gunshot wound occurred at the ulnar pal- 
mar aspect of the hand that transected the ulnar sensory nerve branches distal to its branch point from the deep motor branch of the ulnar nerve. 
(Reproduced with permission, © 2011, nervesurgery.wustl.edu.) C. Surgical management and reconstruction of ulnar nerve sensation. The small 
finger required amputation. Due to the blast in jury, there was poor soft tissue coverage at the palm preventing long nerve grafts. (1) Due to the distal 
injury, the médian sensory nerve branch to the ulnar aspect of the index finger was selected as the donor nerve to transfer into the ulnar sensory 
nerve branch to the ulnar aspect of the ring finger for restoration of critical sensation. (2) Due to the required length needed, the ulnar nerve sensory 
component in the forearm was harvested proximally to bridge the gap as an autologous expendable nerve graft. (3) An acellularized nerve allograft was 
used as an extender to allow proximal transposition of the ulnar nerve sensory component intramuscularly at the forearm to prevent painfiil neuroma 
formation. (4) To restore rudimentary sensation back to the donor nerve sensory territory, an end-to-side nerve transfer to the médian sensory branch 
to the radial aspect of the long fmger was also performed. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 
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(A) Common digital (N) Digital branch of médian 


to radial aspect of index finger 

FIGURE 10-4 ( Continued) D. Identification of the récipient digital nerve branch for nerve transfer. On the initial debridement, the transected digital 
nerve to the ulnar nerve to the ulnar aspect of the ring finger was identified and tagged with a suture. The adjacent common palmar digital artery 
was noted. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) E. Identification of the donor digital nerve branch for nerve transfer. An 
incision was made on the palmar aspect of the hand between the index and long finger. The digital nerve to the ulnar aspect of the index fmger was 
identified as the donor nerve. This digital nerve was chosen as the donor for two reasons. The first is that the sensation to the ulnar aspect of the index 
fmger is relatively expendable. The second is that the index fmger was the furthest from the site of blast injury and was grossly intact. The adjacent 
digital nerve to the radial aspect of the long fmger was also noted. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 





124 


Section I Hand 



(A) Ulnar 


(N) Dorsal cutaneous branch of ulnar 


(N) Ulnar 

v 


(N) Sensory component 

(N) Motor component i (M) Flexor carpi ulnaris 
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(N) Dorsal cutaneous branch of ulnar 
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FIGURE 10-4 ( Continuée /) F. Exposure ofthe ulnar nerve proximally in the forearm to harvest the nerve graft and to prevent neuroma formation. An 
incision was made proximally in the forearm to expose the ulnar nerve in order to harvest the sensory component of the ulnar nerve as a nerve graft. 
The dorsal cutaneous branch of the ulnar nerve was noted as well as the motor and sensory components of the ulnar nerve following initial intrafas- 
cicular neurolysis. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) G. Identification of the sensory component of the ulnar nerve as 
the nerve graft and prévention of neuroma formation. On further exposure and intrafascicular neurolysis, the sensory component of the ulnar nerve 
was identified on the radial aspect of the ulnar nerve. A microvessel is seen to separate the sensory from the motor component of the ulnar nerve. 
(Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 
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End-to-end nerve transfer 
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FIGURE 10-4 0 Continued ) H. Harvesting the sensory component of the ulnar nerve as the nerve graft. a. The sensory component of the ulnar nerve 
was harvested as the nerve graft. b. A 3.5-cm nerve graft was harvested from the ulnar nerve. The motor component of the ulnar nerve was protected 
and kept intact. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) I. Donor nerve and interposition nerve graft for nerve transfer and 
end-to-side nerve transfer to restore rudimentary sensation to the donor nerve territory. An interposition nerve graft from the “spare part” sensory 
component of the ulnar nerve was coapted to the proximal end of the donor digital palmar branch of the médian nerve to the ulnar aspect of the 
index finger. To restore rudimentary sensation to the donor nerve territory, the distal end of the ulnar index fmger branch of médian was end-to-side 
transferred and coapted to the side of the radial middle branch of médian. Please note that this is a very unique case where the ulnar nerve sensory 
component is being used as expendable graft material. This is due to the small finger being amputated as part of the initial in jury. The objective was to 
reinnervate the ulnar aspect of the ring fmger by distal nerve transfers. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 
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J (N) Sensory component of ulnar nerve graft 



(N) Digital branch of ulnar 
to ulnar aspect of ring finger 



Acellularized nerve allograft 



(N) Motor component of ulnar (N) Dorsal cutaneous branch of ulnar 

FIGURE 10-4 ( Continued ) J. Récipient nerve and interposition nerve graft for nerve transfer. The interposition nerve graft from the sensory com¬ 
ponent of the ulnar nerve was coapted to the distal end of the digital palmar branch of the ulnar nerve to the ulnar aspect of the ring finger. The 
nerve graft allows bridging the gap and reinnervating critical ulnar nerve sensation via nerve transfer. An autologous nerve graft was used to maxi- 
mize reinnervation to this area of critical sensation. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) K. Acellularized nerve allograft 
as an extender from the sensory component of the ulnar nerve for intermuscular transposition, a. A 5.5-cm acellularized nerve allograft (Avance 
Nerve Graft, AxoGen, Inc) was used b. The acellularized nerve allograft was coapted to the proximal end of the sensory component of the ulnar 
nerve, transposed proximally, and buried deep within the forearm musculature to prevent painful neuroma formation. (Reproduced with permission, 
©2011, nervesurgery.wustl.edu.) 
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(M) Flexor carpi ulnaris 
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(N) Motor component of ulnar 


Acellularized nerve allograft 


FIGURE 10-4 ( Continued) L. Intermuscular proximal transposition of the sensory component of the ulnar nerve using an acellularized nerve 
allograft extender. The sensory component of the ulnar nerve was extended using an acellularized nerve allograft (Avance Nerve Graft, AxoGen) in 
order to more proximally transpose deeply within the flexor carpi ulnaris muscle—use of this allowed a segment of the ulnar nerve to be used as “spare 
part” autologous sensory nerve graft material. (Reproduced with permission, © 2011, nervesurgery.wustl.edu.) 


maximizing the outcome. Spécifie training is provided for 
sensory localization from the donor digits to the newly rein- 
nervated distal surfaces. 

Controversies 

End-to-side transfer has been controversial, especially in 
cases of motor nerve transfer. 11,12 There is, however, no sig¬ 
nifiant disadvantage to transfer of the distal donor nerve 
stump in an end-to-side fashion to an intact sensory nerve. 
More recent experimental 13,14 and clinical work 2,15-17 does 
support the usefulness of this technique. In most cases, we 
do perform this transfer to restore rudimentary sensation 
back to the donor nerve territory. For example, where the 
third web space branch ofthe médian nerve isusedto restore 
sensation by end-to-end transfer to the sensory component 
of the ulnar nerve, the distal third web space nerve can be 
coapted back to the second web space nerve in an end-to- 
side fashion to restore some sensation to the donor nerve ter¬ 
ritory. See Figure 10-3. 


COMPLICATIONS 

Complications with nerve transfer are those of any upper 
extremity procedure and include scarring, stiffness, and 
wound healing problems. Complications spécifie to the 
nerve transfer include donor-site déficit, failure of reinner¬ 
vation, and neuropathie pain. Loss of sensation in the donor 
nerve distribution may be mitigated by use of end-to-side 
transfer of the distal transected donor nerve stump to a prox¬ 
imal intact functional sensory nerve. 

OUTCOMES 

Our expérience indicates that, at a minimum, recovery of 
protective sensation can be expected following primary 
nerve transfers for digital sensation, that is, with end-to- 
end coaptations. 18 Using the “10 test” for évaluation, sen¬ 
sory recovery even in the absence of sensory rééducation 
will be approximately 6/10 following end-to-end repair and 
3/10 following end-to-side repair. Sensory testing following 
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similar transfers in the sériés of Stocks et al showed a recov- 
ery of S3+ or S4 in 85% of patients. 19 This is consistent with 
values for microsurgical primary digital nerve repair, to 
which properly performed digital nerve transfer is theo- 
retically équivalent. End-to-end microsurgical digital nerve 
repair has a reported outcome of >S3 in ail patients, and 
>S3+ in 90%. 20 Despite less than optimal recovery of 2-point 
discrimination after digital nerve transfers, functional 
improvement beyond the existing anesthetic digits is subjec- 
tively 19 and objectively 21 favorable. These results hâve been 
confirmed by Brunelli. 22 Some tip sensibility returns within 
3 to 4 months, with graduai maturation continuing past 
2 years after nerve transfer. Localization of sensory stimuli 
to the donor digits persists for 2 to 3 years, with localization 
to the récipient digit improving with time, use, and sensory 
rééducation. 23 
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Flexor Tendon Repair 
and Reconstruction 

Bradon J. Wilhelmi, MD, FACS 
Saeed A. Chowdhry, MD 


INTRODUCTION 

The most challenging, controversial, and studied hand inju¬ 
ries over the years hâve been those to the flexor tendons. 
Historically, the poor results following flexor tendon repairs 
in the fingers led 1 expert hand surgeon, Boyes, to State, 
“Here in a small area we hâve two flexor tendons, one passing 
through the other in a close fitting sheath and snugly held to 
the proximal phalanx by a pulley which is unyielding so that 
either trauma or infection squeezes out the blood supply and 
the tendon dies of ischemia. Suturing of a divided tendon 
usually results in some thickening and this enlarged area can- 
not pass the constricting pulley and motion is prevented.” 1 
Also, Bunnell coined the term “No Mans Land” to empha- 
size the difficulties associated with flexor injuries in the area 
of the digital sheath. 2 However, if we exclude flexor tendon 
injuries within the digital sheath, the remaining flexor ten¬ 
don injuries are less problematic. For those flexor injuries in 
the digital sheath, adhérence to certain surgical techniques 
and postoperative therapy programs can optimize results 
and finger motion. In fact, Kleinert et al revolutionized the 
primary repair of acute flexor tendon injuries in the digital 
sheath after others treated these in a staged fashion with 
grafts for years. 3 

ANATOMY 

Verdan classified flexor tendons by their location of tran- 
section relative to the extremity and their prognosis 4 (see 
Fig. 11-1). For simplicity of discussion, when the flexor is 
injured at certain levels, it is classified by 1 of 5 zones: distal 
to the flexor superficialis insertion (zone 1), within the digi¬ 
tal sheath of the flexor superficialis and profundus (zone 2), 
palm (zone 3), within the carpal tunnel (zone 4), and in the 
forearm proximal to the carpal tunnel (zone 5). In general, 
flexor tendons repaired in zones 1, 3, 4, and 5 hâve a better 
prognosis than those in zone 2, known as “No Mans Land.” 

The flexor tendons originate in the forearm with muscles 
arranged in 3 different layers: superficial, intermediate, and 



deep. The superficial layer consists of the pronator teres, 
flexor carpi radialis, palmaris longus, and flexor carpi ulnaris 
proceeding in a radial to ulnar direction. The pronator teres, 
palmaris longus, and flexor carpi radialis are innervated by 
the médian nerve, while the flexor carpi ulnaris is innervated 
by the ulnar nerve. The intermediate layer includes only the 
flexor digitorum superficialis, which is innervated by the 
médian nerve. The deep layer consists of the flexor digi¬ 
torum profundus, the flexor pollicis longus, and pronator 
quadratus. The médian nerve innervâtes the flexor pollicis 
longus, pronator quadratus, and index/middle finger flexor 
digitorum profundus. The small and ring finger flexor digi¬ 
torum profundus muscles are innervated by the ulnar nerve. 

There are 9 flexor tendons. The flexor pollicis longus is the 
most radial structure and courses to insert onto the thumb 
distal phalanx to flex the interphalangeal joint of the thumb. 
The flexor digitorum profundus tendons are along the base 
of the carpal tunnel, aligned in order, traveling to insert into 
the base of the distal phalanx of the index through small fin¬ 
gers to flex the distal interphalangeal joint of each finger. The 
flexor superficialis tendons course under the carpal tunnel in 
a stacked array with the middle and ring tendon volar to the 
index and small tendons coursing to insert into the middle of 
the middle phalanx of each respective finger. In the palm, the 
flexor superficialis tendon decussates at the level of Camper 
chiasm, to allow the flexor digitorum profundus to become 
more volar in the finger. The flexor digitorum superficialis 
and flexor digitorum profundus tendons course in the finger 
in a fibro-osseous canal that is lined by synovium and rein- 
forced by a pulley System. 

The fibro-osseous canal is composed of different pulleys 
with varying arrangements lending to their function. There 
are annular (A1-A5) and cruciate pulleys (C0-C4). The 
Al, A3, and A5 pulleys prevent bowstringing of the flexor 
tendon across the metacarpal phalangeal joint, proximal 
interphalangeal (PIP) joint, and distal interphalangeal joint, 
respectively. The A2 and A4 pulleys prevent bowstringing of 
the flexor tendon across the proximal phalanx and middle 
phalanx, respectively. The A2 and A4 pulleys are thicker, 
longer, and in a more critical area to prevent bowstringing. 
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FIGURE 11-1 This is a diagram of the zones of in jury to f lexor tendons. 
When the flexor is injured at these levels, it is classified into the follow- 
ing zones: distal to the flexor superficialis insertion (zone 1), within the 
digital sheath of the flexor superficialis and profundus (zone 2), palm 
(zone 3), within carpal tunnel (zone 4), and in the forearm proximal to 
the carpal tunnel (zone 5). In general, flexor tendons repaired in zones 
1, 3,4, and 5 hâve a better prognosis than those in zone 2, known as “No 
Mans Land.” (Figure modified from Hagberg L. Flexor tendon injuries. 
In: Blair WF, ed. Techniques in Hand Surgery. Baltimore, MD: Williams 
and Wilkins, 1996:138. With permission.) 


The A2 and A4 pulleys are, therefore, termed the critical pul- 
leys. A deficiency of 25% of either of these pulleys is known 
to potentially resuit in the condition of bowstringing and 
requires reconstruction to minimize moment and maximize 
finger motion with a certain tendon excursion (Fig. 11-2). 
Found between the annular pulleys, the cruciate pulleys 
(C0-C4) are of less biochemical and functional significance. 

Digital flexor tendons receive nutrition by an intrinsic 
and an extrinsic source. The synovial fluid provides extrinsic 
nutrition to the digital flexor tendons by a pumping action 
facilitated by flexion and extension of the fingers. Flexor 
tendons receive intrinsic nutrition by 3 sources including 
longitudinal vessels entering the palm in the endotendinous 
channels, vessels that enter at the osseous insertion, and vin- 
cula (short and long). Most of the intrinsic nutrition is deliv- 
ered on the dorsal side of the tendon. 

Flexor tendon function dépends on many factors includ¬ 
ing tendon excursion, an intact pulley System, joint motion, 
and the presence of lubricating synovial fluid. If bowstring¬ 
ing is présent, a greater amplitude of muscle contraction and 
greater amount of tendon excursion are required to close the 
fingertip to palm (Fig. 11-3). 


DIAGNOSIS 

The most accurate means of detecting flexor tendon injuries 
is by clinical exam, wherein the patient is unable to actively 
flex the PIP joint with the adjacent finger hyperextended, 
with a sublimis tendon lacération and an inability to actively 
flex the DIP joint with a profundus lacération. There is a 
loss of the normal finger cascade and a loss of the tenodesis 


Fingertip flexion 



FIGURE 11-2 The A2 and A4 pulleys are the critical pulleys. When a certain amount of either of these pulleys is missing, the flexor is notheld down 
to the bone that increases the moment of the System. Widening of the moment arm causes less motion of the fingertip with a given tendon excursion, 
resulting in bowstringing of the finger and loss of fingertip flexion. (Figure from Wilhelmi BJ, Snyder N, Verbesey JE, Ganchi PA, Lee WPA. Trigger 
finger release with hand surface landmark ratios: an anatomie and clinical study. Plast Reconstr Surg. 2001;108(4):902-907. With permission.) 
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FIGURE 11-3 This figure demonstrates bowstringing as a resuit of 
loss of greater than 25% of either the critical A2 or A4 pulleys. (Photo 
copyrighted by Bradon J. Wilhelmi, MD.) 


effect of passive finger flexion with passive wrist extension. 
Another useful technique is squeezing the flexors just proxi¬ 
mal to the wrist that causes passive finger flexion. 

Diagnostic studies are not as useful in detecting acute 
flexor tendon injuries. Plain radiographs, MRI, or ultra- 
sound may help detect the location of the proximal tendon 
after zone 1 closed injuries (jersey finger injury). 


INDICATIONS 

Profundus avulsion classification of Leddy and Packer 
(reference) is as follows: type I, FDP tendon is avulsed from 
its insertion and retracts into the palm; type II, the pro¬ 
fundus tendon is avulsed from its insertion, but the stump 
remains within the digital sheath, implying that the vincu- 
lum longum profundus is still intact; type III, a bony frag¬ 
ment is attached to the tendon stump, which remains within 
the flexor sheath. Further proximal retraction is prevented at 
the distal end of the A4 pulley. 

When the FDP retracts into the palm (Leddy type 1), the 
tendon mustbe repaired within 4 weeks since the avulsion of 
the small and long vincula devascularizes the tendon. When 
the tendon retracts only to the PIP joint, the long vinculum 
remains intact; hence, the tendon remains viable longer and 
can be repaired up to 6 weeks (Leddy type 2). If the tendon 
only retracts to the A4 pulley (Leddy type 3), it remains via¬ 
ble indefinitely and can be repaired at a later date. 5 


Partial tendon injuries are suggested in patients with pain 
on resisted flexion. If the injury is more than 60% of the ten¬ 
don s diameter, it should be repaired. If less than 60% of the 
tendon is injured, the free edges should be debrided to pre- 
vent catching on the pulleys. 6 

SURGICAL TECHNIQUE 

The idéal flexor repair should be strong enough to allow for 
early active motion. The repair should be strong enough to 
resist gap formation, which can be a site for adhesion for¬ 
mation or rupture. The repair site should be smooth and 
nonbulky to facilitate tendon gliding. Usually full expo- 
sure of the proximal distal tendon requires extending the 
lacération in a zigzag (Brunner) or midaxial fashion. The 
distal end of the tendon can be found more distally when 
the injury occurs with the finger in flexion. When the fin¬ 
ger is extended at the time of injury, the proximal and dis¬ 
tal tendon ends are found at the lacération level. Excessive 
manipulation of the flexor tendons should be avoided to 
minimize adhesion formation. The flexor tendons should 
be grasped in the core of the severed end to avoid epitenon 
in jury, which could be a nidus for adhesion formation. In 
general, the technique of flexor tendon repair is selected 
based on the zone of flexor injury. 

Flexor repairs are generally performed in the operating 
room under a variety of anesthésia options to allow for use 
of a tourniquet. Alternatively, flexors can be explored and 
repaired with local anesthésia using epinephrine to avoid the 
use of a tourniquet. 6 According to a double-blinded random- 
ized controlled study by Wilhelmi et al epinephrine can be 
safely used in digital, hand, and upper extremity procedures 
to prolong the duration of local anesthésia, reduce bleeding, 
and obviate the need for a tourniquet. 7 Furthermore, epi¬ 
nephrine has been safely used in upper extremity surgery in 
thousands of patients. 8,9 Performing a flexor tendon repair 
under straight local with epinephrine can allow for tendon 
repair site strength assessment and tendon balancing during 
the procedure. 10 

Our preferred repair method is the modified Becker 
(MGH) technique that has gained popularity for its strength 
and résistance to gap formation with early active range of 
motion. 11-17 The MGH technique is similar to the Becker 
repair as it involves placement of 4 strands through the core 
in a crisscross configuration 18 (Fig. 11-4A and B). However, 
the MGH technique is different in that the core sutures are 
3-0 instead of 6-0, it includes augmentation with an epitenon 
suture, and it avoids a step-cut bevel. 

The modified Becker technique first involves approxima¬ 
tion of the epitenon with 6-0 nylon suture in a continuous 
fashion. Then 2 double-armed 3-0 sutures (Prolene) are used 
to place 4 crisscross sutures through the core. The criss- 
crosses of 2 of the 4 core sutures are placed on each side of 
the tendon, radially and ulnarly. The first 2 cores are started 
by placing the first needle purchase with the 3-0 suture 
(Prolene) transversely through the latéral aspect of the 
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FIGURE 11-4 The modified Becker (MGH) technique is like the 
Becker repair (A) as it involves placement of 4 strands through the core 
in a crisscross configuration. B. However, the MGH technique is dif¬ 
ferent in that the core sutures are 3-0 instead of 6-0, it includes aug¬ 
mentation with epitenon repair, and it avoids the step-cut bevel. (Photo 
copyrighted by Bradon J. Wilhelmi, MD.) 


tendon at least 1.5 cm from the tendon end (Fig. 11-5A). 
Then 1 of the needles is driven in the oblique direction 
through the tendon (Fig. 11-5B). This is repeated 2 more 
times in a spiral fashion and brought out the core, creating 
oblique suture lines parallel to each other on the external 
surface of the tendon (Fig. 11-5B). Then the other needle of 
the f irst 3-0 suture (Prolene) is used to place sutures perpen- 
dicular to the previous spiral of sutures (Fig. 11-5C). These 
crisscrosses are created by passing the second needle in the 
oblique direction through the tendon between the parallel 
lines of the suture on the external surface in the proximal to 
distal direction to exit the core. This technique is repeated 
on the distal end of the tendon to complété the crisscross 
on both ends of the tendon (Fig. 11-5D). Then, the other 
double-arm 3-0 suture (Prolene) is used to complété the 
crisscross cores on the contralatéral side of the tendon. In 
performing this technique 3 crisscrosses are placed on either 
end of the tendon. The sutures should be pulled taut at each 
suture purchase to facilitate tendon compression and preload 
the repair to prevent gapping. Furthermore, before tying the 
knot the suture is carefully seesawed to take the slack out and 
compress the tendon ends, preloading the repair to prevent 
gap formation. 

A modification of the MGH technique involves laying 
this stack of knots longitudinally along the tendon with 
another purchase as far from the stack as the height of the 
stack (Fig. 11-5E). Then, 3 more ties can be performed to 


lay the stack of knots along the tendon (Fig. 11-5F). Also, a 
tapered needle is preferred to minimize the risk for suture 
atténuation with multiple needle passes through the tendon. 

ZONE 1 INJURIES 

Zone 1 flexor tendon injuries occur at the level distal to the 
flexor digitorum superficialis insertion and by définition can 
only involve the flexor digitorum profundus. An attempt 
should be made to repair the profundus tendon when it is 
disrupted by lacération or avulsion. If the patient présents 
too latefor FDP repair, a distal interphalangeal joint arthrod- 
esis can be considered only if the flexor superficialis is intact 
to avoid instability of the joint; however, with résultant loss in 
power grip. The tendon is exposed through a volar Brunner 
incision. If the proximal end has retracted, wrist and finger 
flexion with forearm compression can help milk the tendon 
distally to the opening in the sheath where it can be care¬ 
fully grasped with a small Jacobson mosquito forceps and 
repaired to the distal stump. Usually, the long vincula pre¬ 
vent retraction of the profundus past the A2 pulley. As much 
of the A2 pulley as possible should be preserved in expos- 
ing the proximal tendon end. A hypodermic needle can be 
used through the proximal tendon and proximal pulley to 
hold it during the repair. If there is less than 1 cm of distal 
flexor digitorum profundus stump, the proximal tendon can 
be advanced to the decorticated distal phalanx with Keith 
needles and repaired dorsally over the stérile matrix of the 
nail with a button. Repair over the stérile matrix minimizes 
risk of nail deformity. For avulsion injuries of the flexor digi¬ 
torum profundus, the Leddy classification can direct time 
constraints in management as discussed above (Fig. 11-6). 

ZONE 2 INJURIES 

Zone 2 injuries occur within the digital sheath from the dis¬ 
tal palmar crease to the middle of the middle phalanx where 
the flexor digitorum superficialis inserts. Flexor repairs are 
more challenging in this area because of the pulley System 
and coursing of the flexor digitorum profundus through 
the chiasm of the flexor digitorum superficialis. A zigzag 
Brunner-type incision or midaxial incision is used. In expos- 
ing the tendon ends, it is important to preserve the critical 
A2 and A4 pulleys. The proximal profundus tendon should 
be pulled through the chiasms (Fig. 11-7). 

ZONE 3,4, 5 INJURIES 

Wide exposure by dividing the carpal transverse ligament 
is generally required. In general, composite grip is usually 
recovered quite well for these patients with the flexor ten¬ 
dons moving en mass, even if adhèrent. However, recovery 
of the independent tendon glide for injuries at this level can 
be variable and optimized by use of the MGH technique, 
which allows for early active motion protocols to promote 
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FIGURE 11-5 The first 2 core sutures are started b y placing the first purchase 3-0 suture (Prolene) transversely through the latéral aspect of the 
tendon atleast 1.5 cm from the tendon end (A). Then 1 of the needles is driven in the oblique direction through the tendon (B). This is repeated 2 
more times in a spiral fashion and brought out the core, creating oblique suture Unes parallel to each other on the external surface of the tendon (B). 
Then, the other needle ofthe first 3-0 suture (Prolene) is used to place sutures perpendicular to theprevious spiral sutures (C). These crisscrosses are 
created by taking the second needle in the oblique direction through the tendon between the parallel lines of the suture on the external surface in the 
proximal to distal direction to exit the core. This technique is repeated on the distal end of the tendon to complété the crisscross on both ends of the 
tendon (D). Then, the other double-arm 3-0 suture (Prolene) is used to complété the crisscross cores on the contralatéral side. In performing this tech¬ 
nique 3 crisscrosses are placed on either end of the tendon. The sutures should be pulled taut at each suture purchase to facilitate tendon compression 
and preload the repair to prevent gapping. Furthermore, before tying the knot the suture is carefully seesawed to take the slack out and compress the 
tendon ends, preloading the repair to prevent gap formation. A monofilament suture (such as Prolene) slides through the tendon substance better and 
is preferredfor preloading and minimizing gapping. However, the disadvantage of monofilament is the need for multiple knots, which can increase 
résistance to glide. A modification of the MGH technique involves laying this stack of knots longitudinally along the tendon with another purchase as 
far from the stack as the height of the stack (E). Then, 3 more ties can be performed to lay the stack of knots along the tendon (F). (Photo copyrighted 
by Bradon J. Wilhelmi, MD.) 
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FIGURE 11-6 A. This figure demonstrates a Leddy type 3 flexor digi- 
torum profundus avulsion seen on the plain x-ray with the fragment 
of distal phalanx held by A4 pulley. B. The flexor digitorum profun¬ 
dus and bony component were repaired with suture over a button and 
the patient has good active flexion of the finger into the palm. (Photo 
copyrighted by Bradon J. Wilhelmi, MD.) 



FIGURE 11-7 This sériés of photos demonstrates a zone 2 repair of both the flexor digitorum superficialis and profundus. A. The ring finger has 
lost cascade from flexor superficialis and profundus transection. B and C. This demonstrates repair of both the profundus and superficialis with the 
modified Becker MGH tenorrhaphy. D. This demonstrates restoration of cascade with flexor repairs. 
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FIGURE 11-7 ( Continued) E to H. These depict the postoperative photos of the patient to hâve recovering normal flexion with composite grip and 
differential gliding and near-normal extension. (Photo copyrighted by Bradon J. Wilhelmi, MD.) 


individual tendon gliding during the healing process. 18 
Reduced active and passive motion can occur due to adhe¬ 
sions in zone 5 injuries with adhérence of ail the tendons 
(Fig. 11-8). 

THERAPY 

Several flexor therapy regimens hâve been described. Passive 
range of motion programs include the Duran and Kleinert 
protocols. The Kleinert protocol involves the use of nail 
plate hooks with elastic bands attached proximally to the 
palm and wrist to passively draw the fingers into flexion. 
In both cases, patients actively extend their fingers into the 
dorsal blocking splint. Both protocols include the use of dor¬ 
sal blocking splints with the wrist in 20° to 30° of flexion, 
metacarpophalangeal joints at 70° to 80° of flexion, and the 
interphalangeal joints straight. Ail the fingers are placed in 
the splint and permitted to actively extend to splint. Passive 
proximal and distal interphalangeal joint motion within the 
restrains of the dorsal blocking splint is encouraged 4 times 
a day. At 4 weeks, active composite flexion and extension is 
performed outside the splint, while dorsal blocking splint is 
continued between exercises. At the fifth week, the dorsal 
blocking splint is discontinued. Blocking exercises may be 
initiated at 6 weeks. Gentle passive extension is initiated and 
a static extension splint may be used if extrinsic flexor tight- 
ness is encountered. At 8 weeks, light strengthening is started 
and resisted exercises are begun at 10 weeks. By 12 weeks 
normal activities are performed. 


An example of an active range of motion program, t he 
MGH protocol, in volves the use of a splint similar to the 
passive regimens (Table 11-1). However, in addition to 
passive flexion and active extension within the splint, this 
protocol also involves passive flex with active hold exer¬ 
cises. At 3 weeks gentle tenodesis exercises are begun out of 
the splint. Active composite flexion exercises without the 
splint are initiated at 4 weeks as well as differential t en- 
don gliding exercises. The splint is discontinued at 6 weeks 
with initiation of passive extension exercises. At 7 weeks 
composite passive extension is started. Light strengthen¬ 
ing is allowed at 8 weeks and normal activities at 12 weeks 
(Fig. 11-9). 

Cast immobilization is necessary in children younger 
than 10 years of âge due to lack of compliance with motion 
protocols. 

OUTCOMES 

In the Strickland Modified outcome assessment scale poor is 
0% to 24% (<44°), fair 25% to 49% (44°-87°), good as 50% 
to 74% motion (88°-131°), and excellent as 75% to 100% 
motion (>132°). 19 

Osada et al 20 performed a 6-strand repair on 22 consecu¬ 
tive patients with 28 injured fingers. Postoperative motion 
was started combining active extension a nd passive or active 
flexion in a protective splint for the first 3 weeks after sur- 
gery. At an average foliow-up of 13 months the results were 
excellent in 17 fingers, good in 9, and fair in 1. The average 
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FIGURE 11-8 This sériés of photos demonstrates a zone 5 multiple flexor tendon repair (A) with recovery of normal composite grip and extension 
(B-D), as well as differential flexor gliding of the superficialis to the index, middle, ring and small fingers (E-H). (Photo copyrighted by Bradon J. 
Wilhelmi, MD.) 


flexion was 62° for distal interphalangeal joints and 91° for 
PIP joints. None of the repaired tendons ruptured. 

The type of injury influences the outcomes. Starnes 
et al 21 recentlyreviewed 2 groups of patients. The saw group 
injuries were from saws or from tearing mechanisms; the 
sharp group had clean transection injuries from knives or 
glass. The saw group had 13 patients with 17 fingers stud- 
ied. The sharp group had 21 patients with 24 fingers stud- 
ied. Ail patients had primary flexor digitorum profundus 
repairs in zone IL At an average follow-up of 4 years (range, 
1-9 years), the TAM for the saw group was significantly 
worse than that for the sharp group (86° ± 14° vs 114° ± 7°; 
P < .05). The saw group fingers also had a worse average 
total passive motion TPM at the PIP and DIP joints than 
patients in the sharp group. In addition, there were larger 
flexion contractures for the combined PIP and DIP joints 
in the saw group compared with those in the sharp group. 
Secondary surgery was necessary in 9 of 17 digits in the 


saw group as compared with 3 of 24 digits in the sharp 
group. 

Wilhelmi et al 18 performed a rétrospective review of zone 
V finger flexor tendon repairs for 29 patients with an aver¬ 
age âge of 28 years, at a médian follow-up of 24 weeks. These 
injuries involved 103 FDS and 65 FDP lacérations to 103 fin¬ 
gers. The total active motion for these zone V repairs was 
236° ± 5°. Overall 97 of 103 digits attained good to excellent 
function and 88 of 103 developed some differential glide. One 
of these patients required a tenolysis. Three repairs ruptured 
in 1 patient owing to suture breakage that was associated 
with noncompliance with the dorsal extension block splint. 

Trumble et al 22 compared active place-and-hold ther- 
apy with passive motion therapy. Ninety-three patients 
(106 injured digits) with zone II flexor tendon repairs were 
randomized to either early active motion with place-and- 
hold or a passive motion protocol. Range of motion was mea- 
sured at 6, 12, 26, and 52 weeks following repair. At ail time 
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TABLE 11-1: Early Active Motion Protocol 


Day 1: Dorsal blocking splint with wrist neutral, 

metacarpophalangeal joint 70°, and interphalangeal joints 
straight 

Digits strapped to splint 

Passive place (into flexion) and active hold (flexed into palm) 
and active extension to splint, composite and differential 

3 weeks 

Gentle tenodesis exercises out of splint 

No active composite flexion 

Continue passive place and active hold exercises 

4 weeks 

Active composite flexion exercises out of splint 
Differential tendon gliding exercises 
No passive extension, no blocking 
Continue dorsal blocking splint between exercises 

5 weeks 

Initiate blocking exercise 

Splint at night and for protection only during the day 

6 weeks 

Discontinue splint 
Initiate passive extension 

7 weeks 

Start composite passive extension 

8 weeks 

May start light strengthening (putty) 

12 weeks 

Normal activities 


points, the patients treated with the active motion program 
had greater interphalangeal joint motion. At the time of the 
final follow-up, the interphalangeal joint motion in the active 
place-and-hold group was a mean of 156° ± 25 ° compared with 
128° ± 22° (P < .05) in the passive motion group. The active 
motion group had both significantly smaller flexion contrac¬ 
tures and greater satisfaction scores (P < .05). We could iden- 
tify no différence between the groups in terms of the DASH 
scores or dexterity tests. When the groups were stratified, 
those who were smokers or had a concomitant nerve in jury 
or multiple digit injuries had less range of motion, larger flex¬ 
ion contractures, and decreased satisfaction scores compared 
with patients without these comorbidities. Two digits in each 
group had tendon ruptures following repair. 

COMPLICATIONS 

The most common complications are related to tendon 
adhesions, especially in zone II. Flexor tendon rupture may 
also occur. Dy et al 23 did a meta-analysis of 29 studies on 
flexor tendon repairs. This included 1753 flexor tendon 
repairs; 58% were in zone II. In 12 studies a modified Kessler 
technique was used; 14 included an epitendinous suture. 
They found that the type of core suture technique or use of 
an epitendinous suture did not influence the rupture rate. 
However, the presence of an epitendinous suture decreased 




FIGURE 11-9 This photo demonstrates a patient performing the MGH active range of motion protocol with passive place and active hold exercises 
for composite grip (A and B) and differential flexor digitorum superficialis passive place and active hold exercises ( C and D) within a protective splint. 
(Photo copyrighted b y Bradon J. Wilhelmi, MD.) 







138 


Section I Hand 


the reoperation by 84%. Adhesion development was 57% 
lower when the modified Kessler technique was used. 

TREATMENT OF LATER FLEXOR 
TENDON INJURIES 

Flexor tendon grafting may be required in the late treatment 
of flexor tendon injuries including after later rupture of the 
flexor tendon repair, rupture of gap at the tenolysis site, and 
delay in treatment after flexor tendon injury. Flexor tendon 
grafting can be performed in a single stage or as 2 stages in 
which the first stage involves placement of a silicone rod, 
pulley reconstruction, and joint contracture release. Single- 
stage tendon grafting can be considered for tendon déficits 
in zones 3,4, and 5. For coaptation of the tendon graft to the 
proximal distal ends of the tendon, the interweave technique 
is preferred because it has been shown to be the strongest in 
biomechanical studies. 

Two-stage tendon grafting is recommended when 
patients require tendon grafting in conjunction with pulley 
reconstruction or joint contracture release. Two-stage graft¬ 
ing is also recommended if collapse of the sheath or excessive 
scarring is encountered at the time of tendon grafting or if 
soft tissue reconstruction is required over the graft. 24 

Several donor tendon site options are available: the pal- 
maris, plantaris, extensor digitorum longus, extensor indicis 
proprius, and extensor digiti minimi. Sélection of a tendon 
graft is based on the length requirement and the number of 
tendons requiring graft reconstruction. The palmaris lon¬ 
gus provides 16 cm, or sufficient length to graft from the 
palm to the fingertip. If more graft is needed, lower extrem- 
ity donors can provide longer tendons. The palmaris is 
generally the preferred graftbecause it is in the same opéra¬ 
tive field and pro vides sufficient length. The technique of 
harvesting a tendon involves dividing the tendon distally 
and pulling the tendon through a tendon stripper (Brand), 
which releases the tendon at the myotendinous junction. 
The palmaris longus is absent in 15% to 25% of patients. The 
presence of the palmaris longus can be determined by ask- 
ing the patient to oppose the thumb to the small finger and 
flex the wrist against résistance. Another potential upper 
extremity donor is the injured flexor digitorum superfi- 
cialis. When multiple tendon grafts or 1 long tendon graft 
from the wrist to the fingertip is required, the longer lower 
extremity donors are used. The plantaris provides 35 cm of 
tendon but is absent in 7% to 20% of patients. The plantaris 
can be located anterior and médial to the Achilles tendon. 
If the plantaris and palmaris are absent, the extensor digi¬ 
torum longus from the second, third, and fourth toes can 
pro vide multiple segments of the tendon 30 cm in length. 
The extensor digitorum longus is harvested through an 
incision over the metatarsophalangeal joint. These tendons, 
however, can be fused at the ankle level, thus necessitating 
a second incision. 

At the first stage of 2-stage tendon grafting for zone 
2 reconstruction, the sheath is exposed with midaxial 


incisions. The flexor digitorum profundus can be used as the 
motor unit and is generally identified just proximal to the 
Al pulley because it is held there by the origin of the lum- 
brical. The distal part of the flexor digitorum profundus is 
preserved to suture to the silicone rod and the tendon graft 
in the first and second stages, respectively. Alternatively, 
the flexor digitorum superficialis can be used as the motor 
unit to avoid the potential risk of tendon imbalance with 
quadrigia or a lumbrical plus posture. The distal end of the 
flexor digitorum superficialis is preserved to adhéré to the 
flexor canal to prevent PIP joint hyperextension. If the PIP 
joint already hyperextends, the flexor superficialis tail can 
be tenodesed to the flexor canal to treat the hyperextension. 
Joint contractures should be released at the first stage. The 
distal portion of the Silicon rod should be secured distally 
and left free proximally to prevent the rod from being pulled 
or migrating from the appropriate position. Pulley recon¬ 
struction should be performed at the first stage over the 
silicone rod. Of the various techniques described, the encir- 
cling repair technique with a tendon graft has been shown to 
be the strongest. In this technique, the tendon graft is passed 
circumferentially around the silicone rod and proximal pha- 
lanx volar to the extensor for the A2 pulley and dorsal to the 
extensor for the A4 pulley. For reconstruction of the pulley 
System of the thumb, the oblique pulley has been shown to 
be the most critical. 

The second stage should be performed at 3 months to 
allow time for development of a pseudosheath. Radiographs 
can be obtained to confirm appropriate position of the rod. 
After limited proximal and distal incisions, the tendon 
graft is sutured to the rod proximally and pulled distally, 
delivering the graft into the pseudosheath. Of the various 
distal juncture techniques, repairing the tendon to tendon 
has been shown to heal most reliably. The distal juncture 
can also be repaired with a pull-through suture through 
the stérile matrix of the nail bed and nail plate over a but- 
ton. The proximal end of the tendon graft is repaired to the 
motor unit with the interweave technique, which allows for 
size discrepancy and tendon balancing 1 cm tighter than 
cascade to allow for tendon stretching. This technique also 
allows for setting the appropriate length of the tendon graft. 
If the tendon graft is too short, quadrigia and weakened 
grip can resuit. If the tendon graft is too long, a lumbrical 
plus posture results with paradoxical hyperextension of the 
PIP joint on attempted finger flexion. These potential com¬ 
plications can be avoided by using the proximal flexor digi¬ 
torum superficialis as the motor unit to avoid quadrigia and 
lumbrical plus posture. Immediately after the second-stage 
operation, early active motion can be initiated with passive 
flexion and active hold exercises. Patients can begin active 
flexion exercises at 4 weeks postoperatively. At 6 weeks, 
the dorsal blocking splint can be discontinued. The patient 
is allowed to participate in regular activities at 12 weeks 
(Fig. 11-10). 

Some of the possible complications following tendon 
grafting include adhesions, infection, rod exposure, synovi- 
tis, rupture, and tendon imbalance. 
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FIGURE 11-10 This sériés of photos demonstrates a patient who has undergone a 2-stage tendon graft procedure with initial pulley reconstruction 
over a silicone rod (A). At the second stage the silicone rod is replaced with a tendon graft (B and C). After completion of the distal juncture repair over 
a button the proximal tendon is repaired with interweave technique to set the proper tension across the graft (D). Postoperative photos demonstrate 
the recovery of full composite grip, differential flexion, and full extension (E-I). (Photo copyrighted by Bradon J. Wilhelmi, MD.) 


Outcomes 

In general, the outcomes after flexor tendon grafting are 
inferior to the results of primary flexor tendon repair. 
Leversedge et al 25 using an intrasynovial graft from the sec¬ 
ond toe in 9 patients reported 2 excellent, 4 good, 2 fair, 
and 1 poor. Two required a tenolysis and 1 graft ruptured. 
Coyle et al 26 performed a fingertip to palm reconstruction 
method in 35 patients using a 2-stage reconstruction method 
and reported 13 excellent, 11 good, 7 fair, and 4 poor. There 
were 3 tendon graft ruptures, 2 tenolysis, 1 lumbrical plus 
deformity, 1 PIP joint arthrodesis, and 2 silicone rod com¬ 
plications. Finsen 27 reported on a cohort of 43 patients 
treated with a 2-stage tendon grafting method. There were 
0 excellent, 11 good, 16 fair, and 15 poor. The time away 
from work was 44 days after the first procedure and 104 days 
after the second procedure. Reoperation was necessary in 
16 of 43 including 5 tenolysis, 2 PIP joint release, 1 PIP/distal 
interphalangeal joint fusion, 3 amputations, 5 infections, and 
4 silicone rod complications. 
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RATIONALE AND BASIC SCIENCE 
Epidemiology 

Injuries to the intricate extensor mechanism of the hand and 
fingers are common. An épidémiologie survey revealed that 
mallet finger injuries and extensor tendon injuries of the 
forearm and hand were 2 of the most frequently diagnosed 
soft tissue injuries encountered in the emergency depart- 
ment, with a combined annual incidence of 27.76 injuries 
per 100,000 persons. 1 Men are more likely than women to 
suffer from these injuries, with male:female ratios of 79:21 
for extensor tendon injuries in hand and forearm and 60:40 
for mallet fingers. 1 These injuries tend to occur in the fourth 
and flfth décades of life, which is a younger âge than those 
who suffer fractures. 2 

Despite their common occurrence, extensor tendon inju¬ 
ries hâve not received a proportional amount of attention in 
the peer-reviewed literature. There are knowledge gaps in 
the current literature with regards to optimal surgical treat- 
ments and réhabilitation protocols; specifically, there is a 
marked deficiency in level I evidence. 3 Although one may be 
tempted to apply principles from the copious body of flexor 
tendon research, there are unique anatomie, biomechanical, 
and functional différences that need to be considered when 
treating extensor tendon injuries. 

Anatomy 

An in-depth understanding of the anatomy of the extensor 
tendons is critical to inform treatment strategies. During their 
muscular course in the forearm, the extensors of the wrist, 
hand, and fingers are divided into superficial and deep groups. 
The superficial group is composed of the extensor carpi radi- 
alis longus (ECRL), extensor carpi radialis brevis (ECRB), 
extensor digitorum communis (EDC), extensor digiti minimi 
(EDM), and extensor carpi ulnaris (ECU), while the abductor 
pollicis longus (APL), extensor pollicis brevis (EPB), extensor 


pollicis longus (EPL), and extensor indicis proprius (EIP) are 
the deep group. The ECRL and ECRB are innervated by t he 
radial nerve, and the remaining extensor muscles are inner¬ 
vated by the posterior interosseous nerve. 

There are numerous anatomie variations of the exten¬ 
sor tendons, including the presence of additional structures 
such as the extensor carpi radialis intermedius, extensor 
medii proprius, extensor indicis et medii, and extensor digi¬ 
torum brevis manus. 4 The hand surgeon should be aware of 
the potential existence of these structures so as to aid in the 
diagnosis of extensor tendon-related pathology and for their 
potential use as tendon grafts. 

The musculotendinous junctions of the extensors are 
4 cm proximal to the wrist joint, except for the EIP, which has 
muscle fibers up to the level of the wrist joint. When Crossing 
the wrist joint to reach the hand, the extensor tendons pass 
through the 6 extensor compartments, which are individual 
synovial-lined fibro-osseous sheaths. The extensor retinac- 
ulum transversely spans the wrist to prevent bowstringing 
of the extensor tendons. After passing through the exten¬ 
sor compartments, the extensor tendons flatten and become 
more superficial. 

On the dorsum of the hand, there are stout fibrous bands 
(juncturae tendinae) that connect the ring EDC to the EDC 
tendons of the middle and small fingers. There is also a less 
substantial band that connects the middle and index EDC 
tendons. By linking the EDC tendons of adjacent digits, the 
juncturae tendinae restrict independent extension of the fin¬ 
gers. The juncturae tendinae can also allow a digif s extensor 
mechanism to function after an extensor tendon lacération, 
provided that the in jury is proximal to the level of the junc¬ 
turae and the adjacent extensor tendon is intact. 

As the extensor tendons cross the metacarpal-phalangeal 
(MP) joint, they are secured to the dorsal axial midline by 
the sagittal bands. These fibrous thickenings originate on the 
volar plate of the MP joint and the intermetacarpal ligaments 
and traverse circumferentially to insert along the extensor 
hood. There is no actual tendinous attachment of the EDC 
to the proximal phalanx, with extension of the MP joint 
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provided by the sagittal bands. Injuries to the sagittal bands, 
from either acute open injuries or chronic atténuation, can 
lead to subluxation of the EDC tendon off the dorsal axial 
midline, which can compromise extension of the MP joint. 

The complexity of the extensor mechanism increases 
distal to the MP joint. The intrinsic tendons of the interos- 
sei and lumbricals join to form the latéral bands, which rise 
to the dorsal portion of the finger at the level of the proxi¬ 
mal phalanx. The EDC trifurcates proximal to the proximal 
interphalangeal (PIP) joint, with the central portion becom- 
ing the central slip and attaching to the middle phalanx, 
where it helps to initiate PIP extension. The 2 latéral p ortions 
of the trifurcated EDC join with the latéral bands t o form the 
conjoined latéral bands. 

The conjoined latéral bands continue distally along the 
dorsal aspect of the finger, where they cross the distal inter¬ 
phalangeal (DIP) joint, converge to form the terminal ten¬ 
don, and attach onto the distal phalanx 1.2 mm proximal to 
the germinal nail matrix. 4 The position of the conjoined lat¬ 
éral bands along the dorsal/volar axis of the finger is critical 
to ensuring appropriate function of the extensor mechanism. 
The conjoined latéral bands are stabilized to their dorsal 
position by the triangular ligament, which prevents palmar 
subluxation of the conjoined latéral bands during PIP flex¬ 
ion, and the transverse retinacular ligament, which prevents 
dorsal subluxation of the conjoined latéral bands during PIP 
extension. Incompétence of the triangular ligament leads to 
the boutonnière deformity, with PIP flexion and DIP hyper¬ 
extension, while incompétence of the transverse retinacular 
ligament leads to the swan neck deformity, with PIP exten¬ 
sion and DIP flexion. 


Anatomy—Zones of Injury 

Extensor tendon injuries can be described according to 
their anatomie location using the classification described by 
Kleinert and Verdan that was later modified by Doyle. 4 The 
zones can be easily remembered by recalling that the zones 
over the joints are assigned to odd numbers (starting with 
zone I at the DIP and ending with zone VII at the wrist). 
Because there is only 1 interphalangeal joint of the thumb, 
the numbering of the zones is slightly different than that 
of the digits, with the thumb IP joint labeled as Tl and the 
thumb MP joint labeled as T3. The different anatomie and 
biomechanical features of the tendons in each of the indi- 
vidual zones should be considered when planning treatment 
strategies, particularly the type of suture configuration used 
during operative management. 

Biomechanics 

The amplitude of tendon excursion for the finger extensors 
is 5 cm, but the majority of this excursion occurs proximal 
to the digits in the musculotendinous portions. Because 
there is minimal tendon excursion in the digits, the extensor 


mechanism is very sensitive to minor changes in tendon 
length and tension. Even slight lengthening of the tendon, 
as either a direct conséquence of tendon in jury or relative 
sequelae from a fracture, can lead to extensor lag. 4 This is 
particularly apparent in the fingers, as opposed to the hand, 
because the MP joints can hyperextend at baseline, which 
helps in accommodating for any extensor lag created by 
extensor mechanism in jury. 4 Conversely, slight shortening of 
the tendon can restrict flexion in the digit. The sensitivity of 
the extensor mechanism to slight changes in length and ten¬ 
sion provides insight into the challenges inhérent to treating 
extensor mechanism injuries of the hand. 

Suture Configurations 

Sélection of the appropriate suture configuration for repair of 
acute extensor tendon lacérations dépends on the morphol- 
ogy of the tendon at the location of lacération. Unlike flexor 
tendons, there is no paratenon (except in zone VII) and the 
collagen of extensor tendons is longitudinally oriented with 
minimal or no cross-linking. The extensor tendons flatten as 
they reach the hand, tapering to thicknesses of 1.75 mm in 
zone II and 0.65 mm in zone I. 4 The thicker proximal tendon 
can hold core sutures, while the thinner distal tendons are 
broad and cannot generally accommodate core sutures. 

Compared with flexor tendon injuries, there are relatively 
few biomechanical studies of suture configuration. Previous 
work by Newport and colleagues has demonstrated the bio¬ 
mechanical superiority of the Kleinert modification of the 
Bunnell repair in zones IV and VI. 5,6 More recent work has 
shown superior strength of the MGH repair in zone VI and 
the modified Becker technique in zone IV. 7,8 

The senior author recently performed a biomechanical 
comparison of the modified Becker, modified Bunnell, and 
a running interlocked horizontal mattress (R-IHM) suture 
(Fig. 12-1A and B). 9 The R-IHM suture, which does not 
require core sutures, was stiffer than the other techniques, in 
addition to having less tendon shortening. Additionally, the 
R-IHM suture can be rapidly performed, addressing 1 of the 
challenges of the modified Becker technique noted by Woo 
et al. 8 It is our expérience that the R-IHM suture configura¬ 
tion is idéal for a broad tendon that cannot accommodate 
core sutures, and we continue to use this suture configura¬ 
tion in our practice because it provides strong fixation that 
can permit early mobilization (Fig. 12-2A and B). 

INDICATIONS 

Operative management is indicated in patients with com¬ 
plété or >25% transection of the extensor tendon, those 
with partial lacérations who cannot actively extend the digit, 
those with associated injuries that require formai irrigation 
and debridement (such as a “fight bite”), those with an unsta- 
ble joint, and those who hâve failed a complété trial of non- 
operative management. Patients who are initially evaluated 
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FIGURE 12-1 A. How to perform the new extensor tendon running interlocking horizontal mattress repair technique: begin the simple running 
suture at the near end. (Reprinted with permission f rom Lee et al. 9 Copyright Elsevier.) B. How to perf orm the new extensor tendon running interlock¬ 
ing horizontal mattress repair technique: run the interlocking horizontal mattress suture by starting at the far end. The suture needle passes underneath 
the prior Crossing suture to lock each throw. Finish the suture and tie at the near end. (Reprinted with permission from Lee et al. 9 Copyright Elsevier.) 


and treated in the emergency department or by a primary 
care physician should be referred for early évaluation (ide- 
ally, within 1 week) by a hand surgeon. 

Chronic injuries involving the sagittal bands, central 
slip, triangular ligament, and transverse retinacular liga¬ 
ment may présent with more subtle physical exam findings 
and/or visible deformities of the digits. While acute open 
in jury to the sagittal bands will présent with visible sublux¬ 
ation of the EDC, closed chronic injuries to the sagittal band 
may présent with a subtle snapping sensation, pain, swell- 
ing, and decreased MP joint motion without any détectable 
instability. Elsons test is helpful in diagnosing both acute 
and chronic central slip injuries. In this test, the PIP joint is 


passively flexed to 90° and the subject attempts to actively 
extend the PIP joint against examiner résistance. 10 With cen¬ 
tral slip injuries, there is no détectable active extension of 
the PIP joint, but instead rigid extension or hyperextension 
of the DIP joint. In patients with finger deformities, such as 
boutonnière and swan neck, careful assessments of passive 
and active range of motion of both the PIP and DIP joints are 
critical. Serial casting or splinting is initially recommended 
for patients with early deformities, with s erial reassessment 
of extensor deficiency and joint motion used to guide surgi- 
cal management. 

The idéal candidate for surgical repair is a patient who has 
a medical profile favorable to tendon healing (nondiabetic, 



FIGURE 12-2 A. Running interlocking horizontal mattress (R-IHM) suture, running portion. B. Completed R-IHM. 
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nonsmoker, adéquate nutritional status) who can be compil¬ 
ant with postoperative splinting and réhabilitation. While 
generally not emergent, repair of an acute lacération that 
meets operative criteria should be performed as soon as rea- 
sonably possible, generally within a fewdays. 

CONTRAINDICATIONS 

Nonoperative management is attempted for patients with 
incomplète extensor tendon lacérations, provided that active 
finger extension distal to the level of injury is intact. Patients 
with intact active extension of the wrist, hand, and fingers 
without any détectable déficit in strength should be treated 
nonoperatively. Noncompliance with attempted nonopera¬ 
tive treatment using splints is a relative contraindication for 
progression to surgical treatment. 

SURGICAL TECHNIQUE 

In general, we prefer to perform these procedures in the 
operating room under stérile conditions. We prefer régional 
anesthésia, such as an infraclavicular block. The patient is 
positioned supine with a hand table and pneumatic tourni¬ 
quet is generally used. We prefer 4-0 FiberWire (Arthrex, 
Naples, Florida) for suture material because of its favorable 
biomechanical properties, although any braided nonabsorb- 
able suture preferred by the surgeon is suitable. 11 Larger 
suture sizes (such as 3-0) can be used in rounder portions of 
the tendon, such as zones VI to IX. 

Zone I 

Acute injuries : Most closed acute zone I (mallet finger) inju¬ 
ries are amenable to nonoperative management with full- 
time splinting for 8 weeks, foliowed by night splinting for 
4 weeks. While we prefer a therapist-created custom mal¬ 
let splint (Fig. 12-3), other similar splints (either made of 
other materials or purchased “off the shelf ”) are accept¬ 
able, given that the patient follows instructions for con¬ 
stant wearing and appropriate splint changing techniques. 
The splint should keep the DIP joint extended to 0° and 
allow f or active motion of the PIP joint. Patients should b e 
instructed that the finger should not b e allowed t o flex past 
0° for 24/7 for 8 weeks. They should also be instructed to 
evaluate the skin for breakdown or other issues. For bony 
mallet injuries with more than 40% articular involvement 
or subluxation/instability of the DIP joint, extension block 
pinning is preferred. 12-14 A 0.035- or 0.045-in K-wire is 
inserted in a distallydirected orientation at approximately 
45° into the distal aspect of the dorsal middle phalanx just 
dorsal to the fractured bony fragment of the distal pha¬ 
lanx with the DIP joint flexed (Fig. 12-4A). The DIP joint 
is then extended to 0° that will reduce the bony fragment 
by the bony block technique. The DIP joint is then fixed 
using a K-wire inserted longitudinally in a rétrogradé 



FIGURE 12-3 Mallet finger splint, custom made with thermoplastic 
material by a certified hand therapist. It immobilizes the distal inter- 
phalangeal joint yet allows for motion at the proximal interphalan- 
geal joint. (Image reproduced with permission from Hand Therapy at 
Hospital for Spécial Surgery, New York, New York.) 


fashion across the joint (centered on AP and latéral fluo¬ 
roscopie images) (Fig. 12-4B). The wires are removed at 
6 weeks provided that the fracture heals radiographically 
and clinically (Fig. 12-5A-E). 

A number 11 blade is used to make a small longitudi¬ 
nal skin incision where the dorsal-block pin will rest to 
avoid skin necrosis. 

Regardless of the treatment technique used, it is 
important to instruct patients to continue motion of their 
PIP joint to avoid the unintended conséquence of adja¬ 
cent joint stiffness. 

Chronic injuries : For chronic mallet injuries, decisions for 
treatment are made based on the patients symptoms. For 
patients who are asymptomatic, nonoperative treatment 
with careful counseling is chosen. If the patient has pain, 
the DIP joint is evaluated clinically and radiographically for 
degenerative arthritis and DIP arthrodesis is considered. 

If the patient has functional déficits resulting from 
persistent extensor lag, we prefer a terminal tendon 
imbrication procedure that takes up the “slack” présent 
in the elongated terminal tendon. Using an H-type dorsal 
incision, the terminal tendon is exposed to gain access to 
the radial and ulnar aspects of the tendon. A tenolysis is 
performed to assure the palmar portion of the tendon is 
free of adhesions. The DIP joint is pinned in extension 
using a longitudinal, rétrogradé K-wire centered on AP 
and latéral fluoroscopie images. The terminal tendon is 
then transversely eut in the région of the DIP joint. The 
proximal portion of the tendon is advanced distally until 
the “slack” in the extensor mechanism is no longer prés¬ 
ent and imbricated to the distal terminal tendon with a 
horizontal mattress suture using a nonabsorbable braided 
suture (Fig. 12-6A and B). While success after tenoder- 
modesis and skin imbrication techniques has previously 
been described, we prefer to not remove tendon or skin in 
an attempt to preserve the soft tissue envelope. 
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FIGURE 12-4 A. A 1.4-mm (0.045-in) K-wire is introduced under fluoroscopie guidance through the extensor tendon at a 45° angle into the distal 
portion of the middle phalanx with the distal interphalangeal joint flexed. The distal phalanx is then extended and translated, compressing the frag¬ 
ment and acting as an extension block. Occasionally, manipulation of the distal phalanx against the extension block K-wire is required to obtain an 
anatomie réduction. (Reprinted with permission from Hofmeister et al. 14 Copyright Elsevier.) B. A second K-wire is inserted longitudinally from distal 
to proximal across the DIP joint with the DIP joint extended. (Reprinted with permission from Hofmeister et al.™ Copyright Elsevier.) 





FIGURE 12-5 A. Latéral radiograph of bony mallet finger. 
B. Extension block pinning. C. Three months postoperative, 
healed fracture. D. Postoperative range of motion, extension. 
E. Postoperative range of motion, flexion. 
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FIGURE 12-6 A. In a chronic mallet finger from a closed in jury, the terminal tendon is présent but lacks appropriate tension. B. The DIP joint is 
extended and pinned using a 0.045- or 0.035-in Kirschner wire. The terminal tendon is transected and imbricated with 1 or 2 horizontal mattress sutures. 


Zones II and IV 

Acute injuries: For these injuries, early surgical repair is rec- 
ommended if more than 25% of the tendon is transected 
or the extensor mechanism is nonfunctional. For the 
flatter tendons in zones II and IV, we prefer the R-IHM 
suture using 4-0 FiberWire. 9 The technique begins with 
a simple running suture, starting along the “near” por¬ 
tion of the tendon and advancing away from the surgeon. 
After reaching the “far” portion of the tendon, the suture 
is brought back to the surgeon with a R-IHM (Figs. 12-1A 
and 12-2A). The suture needle is passed beneath the prior 
Crossing suture, which locks each step of the mattress 
configuration. After finishing the last horizontal mattress 
throw, the suture is tied at the near end (Figs. 12-1B and 
12-2B). 

While we prefer to immobilize patients for 4 weeks 
before beginning extensor tendon motion protocols, the 
R-IHM suture is strong enough to allow early motion if 
required for other injuries (such as a concomitant flexor 
tendon in jury that has been repaired). 

Zone III—Central Slip 

Acute injuries: For acute closed injuries, initial management 
consists of splinting the finger with the PIP in extension 


and the DIP free for 4 weeks. For open injuries, the cen¬ 
tral slip is repaired under direct visualization using a run¬ 
ning suture or figure-of-8 suture configuration. If there 
is inadéquate distal tendon, a bone suture anchor on the 
middle phalanx base may be used. 

Chronic injuries: For chronic boutonnière deformities with 
flexible PIP motion, splinting is attempted to stretch the 
tight transverse retinacular ligaments. If splinting fails, 
there are many described surgical techniques to treat 
chronic deformities, such as the Curtis staged recon¬ 
struction. 415 In our expérience, a customized “a la carte” 
approach can be taken, depending on the joint flexibil- 
ity and degree of deformity présent. Release of the tight 
transverse retinacular ligaments may be sufficient to 
rebalance the extensor/flexor mechanism at the PIP joint. 
Additionally, the triangular ligament can be effectively 
reconstructed by suturing the latéral bands together dis¬ 
tal to the PIP joint (Fig. 12-7). The finger is then splinted 
with the PIP extended for 4 weeks with the DIP free. 

If the latéral bands are sutured together proximal to 
the PIP joint, PIP flexion will be impeded. 

Zone V—Sagittal Band 

Acute injuries: For acute closed injuries, initial management 
consists of splinting the finger with the MP in extension 
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FIGURE 12-7 Reconstruction for chronic boutonnière finger. After 
the transverse retinacular ligaments are released and the latéral bands 
mobilized so they may be moved dorsally, the latéral bands are sutured 
together distal to the PIP joint. The suturing is started distally and after 
each suture, the finger is ranged to assure continued adéquate ability to 
flex the PIP joint. The proper number of sutures is achieved when t he 
latéral bands are dorsal to the axis of rotation at the PIP joint when the 
finger is extended, yet still allowfor full PIP flexion. 


and the IP joints free for 4 weeks. For open injuries or 
those thatfail attempted splint management, the sagittal 
bands are repaired under direct visualization using a run- 
ning suture or figure-of-8 suture configuration. 

Chronic injuries : For chronic injuries, a primary repair 
technique is preferred. However, if the local tissue is not 
amenable to repair or imbrication, we prefer the exten¬ 
sor tendon centralization technique described by Kang 
and Carlson. 16 Following a dorsal midline exposure 
to reveal the subluxated extensor tendon, a palmaris 
longus tendon graft (or other graft such as EIP or half 
flexor carpi radialis if palmaris longus is not présent) 
is harvested if primary repair of the sagittal band can- 
not be performed. A transverse bone tunnel is created 
with a 1.6-mm drill bit at the level metacarpal head- 
neck junction (Fig. 12-8A). The palmaris longus graft 
is woven through the bone tunnel while the extensor 
tendon is held in a centralized position without ulnar 
or radial subluxation (Figs. 12-8B and 12-9A). Graft 
tension is checked by bringing the MP joint through a 
passive range of motion and ensuring that there is no 
ulnar or radial déviation of the extensor tendon. The 




B 

FIGURE 12-8 A. Skin incision and exposed subluxated extensor digi- 
torum communis tendon. (Reprinted with permission from Kang and 
Carlson. 16 Copyright Elsevier.) B. Tendon graft in position within the 
bone tunnel. (Reprinted with permission from Kang and Carlson. 16 
Copyright Elsevier.) 


newly created graft pulley is sutured using 3-0 braided 
nonabsorbable suture with a horizontal mattress con¬ 
figuration (Fig. 12-9B). Passive range of motion of the 
MP joint is checked to ensure that there is no tendon 
subluxation. Following hemostasis and skin closure, the 
MP joint is splinted in extension until the first postop- 
erative visit. 

The orientation of the drill bit for the bony tunnel 
should be customized based on the location of extensor 
tendon instability. Further sutures in the sagittal band 
may be necessary to “fine-tune” the tendon balancing. 
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Zones VI, VII, VII, IX 

Acute injuries : For the larger and more rounded tendons in 
zone VI, we prefer a modified Kessler technique to allow 
core suture placement. We prefer using a larger suture 
(such as a 3-0) for these tendons. 

Chronic injuries : For chronic injuries in the more proximal 
zones, we use strategies similar to those employed for 
rheumatoid arthritis-related tendinopathy. If possible, we 
prefer tendon transfers to adjacent extensor tendons. 

COMPLICATIONS 

As reported in work of Newport et al f rom 1990, static immo- 
bilization intended to protect extensor tendon repair can 
hâve the unplanned effect of joint stiffness. 17 In their sériés 
of 62 patients who underwent 101 extensor tendon repairs 
and static splinting, more patients suffered from loss of flex¬ 
ion than from extensor lag, and those with distal injuries 
(zones III and IV) were more likely to expérience joint stiff¬ 
ness. 3,17 The loss of flexion affects functionality more than 
loss of extension, as grip strength and the ability to grasp 
objects can be quite limited. Dynamic motion protocols hâve 
decreased the frequency of this complication. 

The complications classically associated with tendon 
repairs are less common. Repair rupture is infrequent, 
with rates ranging from 0% to 8%. 17-21 While tenolysis rates 
reported in the literature range from 0% to 17%, ail of the 
complications generally associated with extensor tendon 
repair hâve decreased since the implémentation of early 
motion protocols and modem suturing techniques. 5,17,19,20 

OUTCOMES 

The séminal work of Newport et al provides a strong base 
for a description of outcomes following extensor tendon 
repair. 17 Better outcomes were seen in more proximal zones 


(V-VIII) compared with distal injuries (I-IV). Less than 
50% of patients who had distal injuries had good/excellent 
outcomes according to Miller’s scoring System, 24 while 63% 
to 83% of those with proximal injuries had good/excellent 
results. The implémentation of early controlled motion has 
improved outcomes, particularly for proximal injuries, with 
good to excellent outcomes exceeding 90%. 22-24 While the 
outcomes for zones III and IV remain less favorable, the 
results hâve improved with early motion protocols. 19,25-28 
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Soft Tissue Coverage 
of the Hand 

David J. Slutsky, MD 


Protective sensibility is désirable when providing soft tissue 
coverage of the dorsum of the hand and palm, but critical 
sensibility of the digits is important for functional hand use. 
Moberg stated that précision sensory grip or tactile gnosis 
requires 2-point discrimination (2pd) of <6 mm, whereas 
gross sensory grip would be possible at 6 and 15 mm. 1 As a 
resuit, neurosensory flaps are commonly used. A neurosen- 
sory flap can therefore be considered to be an innervated flap 
that provides sensory feedback, either immediately or fol- 
lowing a neurorrhaphy. Incorporating a cutaneous nerve in a 
skin flap provides a means for sensory innervation, and may 
also aid the flap circulation since the skin vascularity partly 
dépends on the vessels around these nerves. 2 Noninnervated 
flaps may also acquire some degree of sensibility through 
peripheral innervation, but often to a lesser degree. Pedicled 
flaps hâve a number of advantages in comparison to free 
tissue transfers. The arterial supply is often more reliable, 
which simplifies postoperative monitoring and lends itself to 
outpatient procedures. Most of these flaps can be dissected 
under loupe magnification and permit early active motion, 
which is désirable in acute injuries. Microvascular technique 
may be of use, but it is not an absolute prerequisite. Finger 
flaps may be harvested from the same finger (homodigital) 
or an adjacent finger (heterodigital). Pedicled flaps may be 
antegrade or rétrogradé (reverse flow). 

It is a good practice to add 10% to 15% more to both the 
length and size of the flap. Incorporating a small skin island 
along the vascular pedicle simplifies insetting and aids in 
avoiding skin bridges. Methods of salvaging a failing flap 
may include suture removal, leech therapy, or even conver¬ 
sion to a free flap. Some general contraindications to pedi¬ 
cled flaps include any cause of massive hand swelling such as 
crush-avulsion and wringer injuries, high-energy trauma, or 
prior arterial in jury. Some pitfalls common to pedicled flaps 
include an inadéquate arc of rotation, a short pedicle, vas¬ 
cular insufficiency due to tunneling, or inadéquate flap size. 

There are myriad pedicled flaps described for fingertip 
and thumb coverage. Flap sélection will ultimately be based 
on the size of the defect, the requirements for sensibility, 
the surgeons comfort level, and the patient profile such as 



gender, âge, or systemic disease. A knowledge of the skin 
topography and flap anatomy is intégral to the success of any 
flap. 

HUESTON FLAP 

This is a local transposition flap for fingertip skin loss that 
is pedicled on 1 neurovascular bundle. It was described by 
Hueston in 1966 3 and subsequently modified by Souquet and 
Souquet in 1986 to include both neurovascular bundles. 4 

Anatomy 

The flap is an asymmetric arterial advancement flap based 
on either the radial or ulnar neurovascular bundle. It relies 
on cutaneous perforators from the digital artery. The flap is 
drained by the venae comitantes as well as the intact sub- 
dermal venous plexus. It receives its innervation from the 
proper digital nerve. The advancing free edge of the flap is 
initially insensate but regains sensibility with time. It has a 
range of advancement of 12 to 18 mm. 

Indications 

The flap is used to co ver a loss of the pulp tissue of the Angers 
and thumb. It is indicated in situations where it is important 
to preserve bone length to diminish the risks of a hook nail 
deformity and where there is no possibility of distal replan¬ 
tation. The flap is homodigital and pro vides satisfactory 
texture for resurfacing fingertips. It is simple, reliable, and 
allows immédiate finger motion. 

Contraindications 

The flap cannot be used with injury to a neurovascular bun¬ 
dle. It is not indicated when more than 18 mm of transposi¬ 
tion is required. 
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Surgical Technique 

The skin is advanced on the side of relatively less functional 
importance, such as the radial pulp of the thumb and small 
finger or the ulnar border of the middle digits. An L-shaped 
incision is made proximal to the fingertip defect. The lon¬ 
gitudinal limb extends along the midlateral line while the 
transverse limb is placed in the metacarpophalangeal (MP) 
or proximal interphalangeal (PIP) flexion crease. The plane 
of dissection passes superficial to the neurovascular bundle 
that is closest to the midlateral incision. The contralatéral 
neurovascular bundle is incorporated into the base of the 
flap, which is then advanced obliquely to cover the amputa¬ 
tion stump. A proximally based triangle of skin raised along 
the longitudinal border of the flap can be rotated transversely 
to cover the donor site. 

The flap can be modified by including both neurovascu¬ 
lar bundles (Fig. 13-1A-C). This was thought to preserve the 
sensibility of the flap, at the expense of restricting some distal 
advancement. The longitudinal incision is made in the same 
manner as above, while the transverse incision is extended 
to the opposite midlateral line, ending with a back eut. The 
plane of dissection proceeds deep to both neurovascular 
bundles, which are incorporated into the skin flap. The flap 
is then advanced and inset as above. 

Outcomes 

In the sériés of Foucher et al of 43 flaps, 2pd averaged 7 mm 
in the standard Hueston flap (31 cases) and 6 mm with the 
modified flap (12). 5 

Complications 

The palmar tension pulls on the nail matrix that causes a 
tendency toward a parrot beak nail deformity. This can be 
minimized by skewering the tip of the flap with a transfix- 
ing needle. The free edge of the flap can lead to a dog-ear 
deformity, which can be corrected by excising a segment 
of dorsal skin. Cold intolérance is common during the 
first year, and correlates with poorer return of sensation. 
Persistent fingertip sensitivity may occur due to neu- 
roma formation. A contracture of the distal or PIP joint 
may resuit if there is excessive joint flexion during flap 
insetting. 

CROSS-FINGER FLAP 

More than 60 years after its description, the cross-finger flap is 
still widely in use. 6 In cases where the dorsal digital networks 
cannot be used or when elaborate microsurgical procedures 
are not available, cross-finger flaps are still useful for finger 
coverage distal to the PIP joint. Sensory return, however, is 
unpredictable and can mar the ultimate functional resuit. 



FIGURE 13-1 Modified Hueston flap. A. Necrosis of distal fingertip 
following a lacération. B. Note amount of advancement based on radial 
neurovascular bundle (arrow). C. A proximally based triangle of skin 
raised along the longitudinal border of the flap is rotated transversely to 
cover the exposed pedicles. 


The innervated cross-finger flap was developed to improve 
upon this by transferring the dorsal skin over the middle 
phalanx along with its sensory nerve. A neurorrhaphy is per- 
formed between this nerve and 1 of the severed digital nerve 
ends of the injured finger. 
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Anatomy 

The initial blood supply of this random pattern flap cornes 
from 1 of the paired dorsal branches arising from the palmer 
digital artery at the proximal one-third of the middle pha- 
lanx. 7 The venous drainage is initially from the venae comi- 
tantes and subdermal veins. The major dorsal branch of the 
superficial radial nerve (SRN) and the dorsal cutaneous 
branch of the ulnar nerve innervate the dorsum of the hand 
up to the level of the PIP joints. Distal to this, the dorsal skin 
is innervated by a dorsal sensory branch that arises from 
the proper digital nerve. This branch most commonly arises 
proximal to the PIP flexion crease. It then crosses superfi¬ 
cial or deep to the digital artery to lie just above the extensor 
mechanism, innervating the dorsum of the middle phalanx. 
The arc of rotation of the cross-finger flap is short, since the 
skin is pedicled on the midlateral line of the finger. The flap 
is left attached to the donor finger until sufficient peripheral 
arterial and venous anastomoses hâve occurred, and then 
divided. 

Indications 

The cross-finger flap is indicated in cases of full-thickness 
loss of the entire pulp of an adjacent finger, especially with 
exposed bone or tendon. The long finger is used for coverage 
of the thumb pulp. It can be used for larger defects that may 
not be suitable for homodigital flaps. With the innervated 
flap, no additional donor finger denervation occurs because 
the dorsal sensory branch is ordinarily transected when ele- 
vating the standard cross-finger flap. Suturing this branch 
to the transected digital nerve in the récipient finger allows 
reinnervation without any need for cortical reorientation. 

Contraindications 

The cross-finger flap cannot be used when there is concomi¬ 
tant injury to adjacent digits. Flap innervation is not pos¬ 
sible if there has been damage to either the dorsal sensory 
branch or the proximal digital nerve. Patient âge greater 
than 40 years is a relative contraindication, due to the finger 
stiffness that results from 2 weeks of immobilization to an 
another digit. 

Surgical Technique 

The dissection is performed under tourniquet control. A 
pattern of the defect is outlined over the dorsum of the 
middle phalanx of an adjacent finger. Two transverse inci¬ 
sions delineate the proximal and distal extent of the flap. 
A longitudinal incision is then made on the side opposite 
the injured finger. The incision should not extend volar to 
the midlateral line to prevent a scar contracture. The dor¬ 
sal sensory branch is isolated through a separate proximal 
incision that extends to the edge of the flap. The nerve is 


sectioned proximally, leaving a 1.5- to 2-cm tail. The flap 
is then elevated along with the nerve branch. The plane 
of dissection proceeds superficial to the paratenon of the 
extensor mechanism. The flap is dissected laterally to the 
opposite midlateral line, until it can be transposed without 
acute angulation. 

The tourniquet is released ensuring flap viability. A 
full-thickness skin graft is placed over the donor site and 
secured with a tie-over bolster. The flap is transposed and 
inset so that the deep surface of the flap lies against the fin¬ 
ger defect (Fig. 13-2A-D). For an innervated flap, the digi¬ 
tal nerve end is isolated along the opposite border of the 
injured digit. An epineurial repair between the dorsal sen¬ 
sory nerve branch and the digital nerve stump is performed 
with 9-0 nylon. A finger spica splint or bulky dressing is 
applied to prevent tension on the suture sites. At the time 
of flap division 2 weeks later, no spécial care for the nerve 
repair is necessary since the nerve junction is on the side 
opposite the flap base. 

Lassner et al hâve used a bilaterally innervated sensory 
cross-finger flap. 8 First, the contralatéral dorsal sensory 
branch is elevated with the flap at the PIP joint level, and 
sutured to the digital nerve end on the far side of the injured 
finger. After 3 weeks, when the pedicle is dissected, the 
remaining dorsal sensory branch is dissected and sutured to 
the remaining digital nerve of the injured finger. Because the 
regenerative distance is only 1.5 to 2 cm, there is excellent 
sensory reinnervation, with 2pd ranging from 2 to 6 mm. 
Gaul described an innervated cross-finger flap from the 
index that provides immédiate sensation for resurfacing 
volar defects of the thumb. 9 The flap is transferred along with 
the dorsoradial digital nerve to the index, which is a continu¬ 
ation of the major dorsal branch of the SRN. This sensory 
branch is mobilized at the same time the cross-finger flap is 
transposed, and transferred subcutaneously to lie under the 
volar skin envelope of the thumb. In an effort to improve the 
ultimate sensibility, Hastings modified this index finger flap 
by turning it into a dual innervated flap (Fig. 13-3A-D). 10 
The superficial radial sensory nerve is mobilized and trans¬ 
posed as above. The dorsal sensory branch of the proper 
radial digital nerve of the index is then sutured to the severed 
end of the radial digital nerve of thumb. Sensory reinner¬ 
vation is reported to be rapid and does not require cortical 
reorientation. 

A reversed cross-finger flap can be used to cover a dorsal 
digital defect. This is done by de-epithelializing the dorsal 
aspect of the cross-finger flap, which can then be transposed 
to cover the dorsum of an adjacent digit. The donor site is 
then skin grafted (Fig. 13-5A-C). 


Outcomes 

In 1 sériés of innervated cross-finger flaps, 7/8 patients 
achieved an average 2pd of 4.8 mm as compared with non- 
innervated cross-finger flaps in whom patients achieved a 
mean value of 9 mm. 11 
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Complications 

Joint stiffness is common. The flap may be hair bearing. 
Donor finger morbidity includes poor skin graft color 
match and a visible contour deformity. If only 1 digital nerve 
anastomosis is performed, a painful neuroma may develop 
from the unrepaired digital nerve stump. The functional 
outcome of the radial sensory innervated cross-finger flap is 


compromised in s orne patients by double sensitivity. In this 
case, sensation from the ulnar side of the flap is interpreted 
as arising from the dorsum of the index finger, whereas sen¬ 
sation on the radial side of the flap is interpreted as coming 
from the thumb. Sensory testing shows that after transfer to 
the thumb, the ulnar side of the flap still receives its inner¬ 
vation from the superficial sensory branch of the radial 
nerve. 
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FIGURE 13-3 Dual innervated cross-finger flap. A. Full-thickness skin necrosis of distal thumb. B. Elévation of cross-finger flap incorporating the 
radial sensory branch (arrow). C. Mobilization of superficial radial nerve (SRN). D. After transposition of the SRN. 


REVERSED DIGITAL ARTERY FLAP 

The reversed digital artery (RDA) flap described in 1986 by 
Kojima et al is used for 1-stage reconstruction of finger pulp 
defects. 12 The flap can be innervated by including the dorsal 
sensory nerve branch. 

Anatomy 

The RD A flap is harvested from the dorsolateral skin of the 
proximal phalanx, which dérivés its blood supply from the 
opposite digital artery through abundant communicating 
branches. There are 3 transverse palmar arches connecting 
the radial and ulnar digital arteries. The proximal and mid- 
dle arches are always in association with the limbs of the Cl 
and C3 pulleys (Fig. 13-4). The distal arch lies just beyond 
the insertion of the profundus tendon. 13 

When the proximal digital artery is ligated, the blood 
crosses over from the opposite digital artery through the 
middle and distal transverse palmar arches. The blood 
then flows down the ligated artery in a rétrogradé fashion. 
The RDA flap is designed over the dorsolateral area of the 


proximal phalanx, which is nourished by a proximal dorsal 
cutaneous branch. This small branch, 0.3 to 0.6 mm in size, 
arises from the palmar digital artery at the midpoint of the 
proximal phalanx. It passes through Clelands ligament, run- 
ning close to the bone, and emerges on the dorsal aspect of 
the finger. Histological studies hâve revealed the presence 
of venules and capillaries in the perivascular fat tissue that 
appear to represent adéquate channels for venous drainage. 

The dorsal sensory nerve branch can be harvested with 
the skin flap. In the border digits the terminal branches of the 
SRN or dorsal cutaneous branch of the ulnar nerve can also b e 
transferred. The arc of rotation i s around the midpoint of the 
middle phalanx, which allows the flap to easily reach the fin- 
gertip. The digital artery cannot be elevated beyond the mid¬ 
dle phalanx for fear of disrupting the distal transverse arch. 

Indications 

This flap is indicated for coverage of acute and chronic 
fingertip defects (Fig. 13-5A-C). It can be used for finger- 
tip reconstruction to correct a hook nail deformity. Some 
authors recommend the RDA flap for coverage of large 
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FIGURE 13-4 Cadaver dissection demonstrating the transverse pal- 
mar arches connecting the radial and ulnar digital arteries (arrows). 


defects of the dorsal aspects of the middle and distal pha¬ 
lanx, which cannot be covered with other local digital s en- 
sory flaps. It may also be useful following release of volar 
scar contractures of the fingers. Neurorrhaphy between the 
dorsal sensory branch and the terminal digital nerve allows 
for flap innervation through the normal anatomie pathway, 
so that cortical misinterpretation can be avoided. 

Contraindications 

A disadvantage of this procedure is that it sacrifices a digital 
artery, and a nerve repair is required. The RD A flap cannot 
be used if there is only 1 patent digital artery, or if there has 
been an injury to the distal transverse palmar arch. 

Surgical Technique 

A digital Allen test with or without Doppler is used to ascer- 
tain that both digital arteries are intact. Under tourniquet 
control, the injured tip is debrided and a pattern of the defect 
is outlined over the proximal phalanx. The flap margins are 
incised and elevated, including the subeutaneous tissue and 
the digital artery. The dorsal sensory branch is identified and 
divided 10 mm proximal to the flap margin. A midlateral 
incision is then made from the distal flap margin, as far as 
the midpoint of the middle phalanx. The artery is separated 



FIGURE 13-5 Reversed cross-fmger flap. A. Full-thickness burn 
to dorsum of ring finger. B. De-epithelialization of middle phalanx. 
C. De-epithelialized skin is rotated 90° to cover dorsum of ring finger. 
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from the digital nerve, leaving as much surrounding fat as 
possible for venous drainage. 

A microvascular clamp is applied to the digital artery 
proximal to the skin flap while the tourniquet is released 
to check the circulation of both the f inger and the flap. The 
proximal artery is then divided and elevated to the midpor- 
tion of the middle phalanx. The skin island is rotated 180° 
into the fingertip defect, taking care to avoid kinking the 
pedicle. Leaving a tail on the flap or skin grafting the pedicle 
can avoid arterial compression. The dorsal sensory nerve 
branch is sutured to the récipient nerve prior to insetting. 
Donor-site defects up to 2 x 3 cm can be closed primarily. 
Flaps up to 5 X 2 cm can be harvested. 

Lai et al described an extended RDA flap in which the 
dorsal skin over the MP joint may be included. This skin 
extension is a fasciocutaneous flap that survives on the 
rich anastomosis between the first dorsal metacarpal artery 
(FDMA) and the digital artery near the metacarpal head. 
Lai et al noted that the sensory recovery of this skin exten¬ 
sion was relatively poor. 14 In an effort to overcome this, both 
the dorsal sensory branch from the proper digital nerve 
and the superficial sensory branch from the corresponding 
radial or ulnar nerve are sectioned at their proximal ends 
and included with the RDA flap. For bilaterally innervated 
flaps, these branches are sutured to both digital nerve ends. 
Static 2pd of 5 mm was obtained in the sériés of Lai et al of 
3 patients. 

In cases where 1 of the digital arteries has been injured, 
an innervated RDA cross-finger flap harvested from the 
proximal phalanx of the adjacent finger can be used to cover 
defects of the middle and distal phalanges. A piece of skin 
graft is placed over the pedicle, which is divided at 2 weeks. 
In situations in which the fingertip pulp is lost completely 
some authors hâve included the proper digital nerve in the 
pedicle that is then sutured to the stump of the opposite 
proper digital nerve. 

Outcomes 

In a study of 120 Fingers, the mean values for 2pd range 
between 6 and 10 mm. 15 Noninnervated flaps hâve also been 
reported to regain <10 mm of 2pd sensation. 16 

Complications 

Flap edema secondary to impaired venous drainage from 
kinking of the pedicle, or due to an inadéquate amount of 
perivascular fat for venous drainage, is common. The flap 
tends to be bulky if applied over subcutaneous tissue rather 
than bone. Skin grafting the pedicle at the distal interpha- 
langeal joint may be necessary. Inadéquate finger perfusion 
occurring when the digital artery proximal to the island flap 
is clamped may preclude use of this flap. Numbness over 
the dorsum of the middle phalanx due to transection of the 
dorsal sensory branch may be bothersome. If the margin 
of the flap extends volar to the midaxial line, a PIP flexion 


contracture can develop. Cold intolérance is a r isk, especially 
for outdoor workers in cold climates. 

DORSAL THUMB FLAPS 

The arterial supply ofthe thumb is quite different from that 
of the fingers. The direct- or reverse-flow volar island flaps 
centered on only 1 arterial pedicle that hâve been described 
for the fingers are not possible for the thumb. Through their 
anatomie studies, Brunelli et al discovered a consistent a rtery 
along the dorsoulnar aspect of the thumb that they used as 
the basis for a reverse pedicled skin flap. 17 They simultane- 
ously described a pedicled flap based on a dorsoradial artery. 
The flaps can be innervated by incorporating the terminal 
branches of the SRN and can be used for coverage of dis¬ 
tal thumb defects. The flaps provide satisfactory texture for 
resurfacing the prehensile surfaces and they are homodigital, 
which allows immédiate thumb motion. Because of the distal 
nature of their pedicle, the flaps can easily reach the tip of 
the thumb. Primary closure of the donor site is possible for 
smaller flaps. 

Anatomy 

The princeps pollicis artery divides into 2 palmer digi¬ 
tal arteries at the level of the MP flexion crease. As a con¬ 
séquence, any pedicled flap of the thumb that is based on 
the palmar arteries has a short pedicle. This would require 
marked IP joint flexion in order to prevent undue tension 
on the princeps pollicis. The dorsal arteries of the fingers are 
extremely segmentai, inconstant, and dépendent on palmar 
anastomoses. In the thumb there is a constant dorsoulnar 
artery that originates from the palmar arteries at the neck of 
the thumb metacarpal and runs along the dorsoulnar side of 
the thumb. It may be as large as 0.1 mm and travels superfi- 
cially within the subcutaneous tissue, above the aponeurosis. 
The dorsoulnar artery is reinforced by an anastomosis with 
the palmer digital artery at the neck of the proximal phalanx, 
approximately 2.3 cm from the nail fold. The artery termi¬ 
nâtes in a dorsal arcade within 0.7 mm of the nail. Venae 
comitantes can be présent when the artery is of a large size 
(about 50% of cases). In the remaining cases, venous drain¬ 
age is mostly based on tiny venules in the perivascular fatty 
tissue. The terminal sensory branch of the SRN is located 
1 to 2 cm from the médian axis of the thumb. 

Moschella et al also identified a similar, but less constant 
and smaller artery that may be found 72% of the time along 
the dorsoradial aspect of the thumb. 18 The dorsoradial artery 
arises from the radial artery at the level of the anatomie 
snuffbox and passes palmar to the extensor pollicis brevis 
tendon. It then travels subcutaneously along the radial side 
of the thumb adjacent to a SRN branch and remains at an 
average distance of approximately 1 cm from the médial axis. 
This artery consistently communicates with t he palmar ves- 
sels near the middle third of the proximal phalanx. In their 
study, the dorsoradial artery communicated with the nail 
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matrix arcade of vessels in only 4/25 cadaver dissections; 
hence, a reverse-flow flap cannot be pedicled past the middle 
portion of the proximal phalanx (Fig. 13-6A-C). 

Indications 

Dorsal thumb flaps are indicated for reconstruction of exten¬ 
sive loss of the thumb pulp. They can be used for coverage 
of amputation stumps at the IP joint level or for coverage of 
dorsal skin loss over the proximal and distal phalanx. The 
flap provides satisfactory texture for resurfacing fingertips 
and is homodigital that allows immédiate thumb motion. 
Because of the distal nature of its pedicle, the flap can easily 
reach the tip of the thumb. Innervated flaps can be used to 
resurface posttraumatic painful neuromas at the thumb tip. 
Primary closure of the donor site is possible for smaller flaps. 

Contraindications 

The flaps cannot be used with in jury to the princeps pollicis 
or digital arteries. It is also contraindicated when there is a 
significant soft tissue in jury at the base of the thumb. 

Surgical Technique 

THE DORSOULNAR THUMB FLAP 

According to Brunelli et al, the flap can be pedicled distally at 
2 levels, which détermines the arc of rotation. It can be ped¬ 
icled at the dorsal nail f old arcade for cases of distal amputa¬ 
tion, or for loss of palmar or dorsal tissue. Dissection of the 
pedicle must be limited to 1 cm from the nail base. 

When used for more proximal amputation stumps, it is 
pedicled on the palmar anastomosis at the neck of the proxi¬ 
mal phalanx. In this case, the dissection should be limited to 
2.5 cm from the nail base. 

The foliowing points are first marked on the skin: (1) the 
dorsal arcade of the proximal nail fold, 0.9 cm proximal to 
the nail base; (2) the palmar anastomosis at the level of the 
neck of the proximal phalanx, 2.5 cm proximally; (3) the 
course of the dorsoulnar artery, 1 cm from the médian axis 
of the thumb at the level of the neck of the proximal phalanx 
(Fig. 13-7A-D). The flap dimensions are then marked out 
on the dorsoulnar aspect of the MP joint, centered over the 
dorsoulnar artery. The flap is raised in a proximal to distal 
direction. The terminal sensory branch of the radial nerve 
is located and divided 2 cm from the proximal flap edge. A 
midlateral incision is then extended along the ulnar side of 
the thumb connecting to the distal area of soft tissue loss. 
This incision is very superficial in order to avoid damag- 
ing the arterial pedicle. Two dermoepidermis skin flaps are 
raised in a dorsal and palmar direction starting from the 
ulnar incision, taking care not to harm the subcutaneous tis¬ 
sue. A 1-cm-wide, full-thickness strip of subcutaneous tis¬ 
sue is harvested en bloc, centered around the arterial axis of 
the flap, leaving the extensor aponeurosis in situ. The flap 
artery may be quite small and is not directly isolated during 



FIGURE 13-6 A. Full-thickness necrosis of distal small finger follow- 
ing a crush in jury. B. Elévation of a 2 X 1 cm skin flap pedicled on the 
ulnar digital artery (arrow). The ulnar digital nerve is left undisturbed. 
C. Transposition of the flap to cover the distal pulp. A neurorrhaphy is 
performed between the dorsal sensory branch incorporated in the skin 
flap and the terminal eut end of the radial digital nerve (white arrow). 


harvesting to avoid damage. Care should be taken to avoid 
any tension or compression where the subcutaneous pedicle 
is reflected on itself. 

An adipofascial extension of the proximal flap allows pri¬ 
mary closure of the donor site and avoids tightness of the 
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FIGURE 13-7 A. Skin markings for dorsoulnar thumb flap. B. Fascial pedicle outlined over dorsoulnar artery. C. Skin flap elevated. D. Good color 
match and contour of distal thumb at 3 weeks. 


first web and reduced MCP joint motion. This extension and 
the pedicle are covered by a split-thickness graft to avoid vas- 
cular compromise. 

The flap can be used as a cross-finger variant for coverage 
of skin loss of the fingers. Any part of the hand is accessible 
to this flap based on the distal end of a mobile thumb. The 
temporary pedicle, composed of a 1-cm-wide band of skin 


and subcutaneous tissue, is divided at 15 days after a clamp- 
ing test confirms that the flap has become autonomous. 

The dorsoulnar artery sends several periosteal and osse- 
ous branches to the neck of the first metacarpal. Vascularized 
bone from the metacarpal neck can be harvested with a 
reversed pedicled dorsoulnar skin flap for reconstruction of 
combined skin and bone defects of the distal phalanx. 19 
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THE DORSORADIAL THUMB FLAP 

The course of the dorsoradial artery of the thumb is identi- 
fied by Doppler ultrasound the course of the dorsal radial 
digital artery from the snuffbox to the middle point of the 
proximal phalanx. The expected pivot point of the flap on 
the middle third of the radial aspect of the proximal pha¬ 
lanx is marked. The arc of rotation of the flap allows soft tis- 
sue coverage of palmar or dorsal aspects of distal thumb as 
well as soft tissue defects along the radial side of the proxi¬ 
mal and distal phalanx. The dissection is performed under 
loupe magnification using tourniquet control. The skin 
island is drawn approximately 10% greater than the defect 
and centered over the course of the dorsoradial artery over 
the thumb metacarpal. Flaps as large as 5 X 4 cm can be har- 
vested. A 1-cm strip of subcutaneous tissue is included to 
provide venous outflow and to avoid kinking of the pedicle. 
No attempt is made to visualize the artery. A cutaneous tail 
is included in the proximal margin of the flap in order to 
avoid tunneling, and to facilitate skin closure after rotation 
of the flap. The dissection halts at the level of the pivot point 
at the midportion of the proximal phalanx, and then the flap 
is rotated 180° and inserted into the defect. Raising the flap 
with a wide base near the pivot point protects the anastomo- 
sis with the palmar vessels and avoids kinking of the pedicle. 
The skin island is incised down to the level of the paratenon 
and the flap is raised in the plane immediately dorsal to the 
paratenon in a proximal to distal direction. The tourniquet is 
released at this point to assess the flap perfusion. 

In order to innervate the flap a branch of the SRN can be 
elevated with the skin flap and coapted with the distal termi- 
nation of the palmer radial digital nerve. 

If the donor site cannot be closed primarily, a f ull-thickness 
skin graft is applied. Because of the risk of flap edema, any 
remaining skin bridge between the defect and the pivot point 
is incised to prevent pressure on the flap pedicle. The skin 
above the pedicle must not be under any tension. To avoid 
compression of the pedicle, the wound is left partially open 
or the pedicle is skin grafted. The donor site can be closed 
primarily with flaps up to 4 X 3 cm. Unlike the dorsoulnar 
flap, hair growth is rare on the radial side of the thumb. There 
is no risk of a first web contracture from harvesting the skin 
flap. Postoperatively, the thumb is immobilized in a finger 
spica splint for 2 weeks, followed by thumb motion. 

Outcomes 

Brunelli et al reported their expérience with 32 dorsoulnar 
thumb flaps. 17 In 25 cases this flap was used for distal skin 
loss coverage (palmar or dorsal) of the thumb as an island 
flap. In 7 cases it was used for reconstruction of the finger 
pulp (5 index and 2 middle fingers) in the form of a cross- 
finger flap. There was no significant différence in sensibil- 
ity between innervated and noninnervated flaps that ranged 
from 10 mm of 2pd to protective sensibility. 

The same group separately reported their expérience with 
the use of the homodigital dorsoradial flap in 16 patients to 


repair distal thumb defects. 18 The flap size ranged from 2x2 
to 5 X 4 cm. In 3 cases, there was venous congestion that 
resolved by removing the sutures over the pedicle. Partial 
necrosis of the distal 4 mm in 1 patient healed spontane- 
ously. Ail the other flaps survived completely. The donor site 
was closed primarily in 14/16 patients. The final results were 
good for reliability, coverage, and from an aesthetic point of 
view for both the reconstructed area and the donor site. Full 
thumb flexion and extension was maintained. I n pulp recon¬ 
struction (9 patients), there was a good recovery of sensibil¬ 
ity with 2pd rangingfrom 7 to 11 mm (mean 9.7 mm). Only 
1 flap was innervated, without any apparent improvement in 
the ultimate 2pd. 

Li et al used this flap in 12 cases with a soft tissue defect 
along with exposed bone at the distal thumb. 20 Ten flaps were 
pedicled distally at the proximal rotation point, 2.5 cm proxi¬ 
mal to the cuticle. Two flaps were pedicled distally atthe dis¬ 
tal rotation point, 1.0 cm proximal to the cuticle. The flaps 
harvested in this study were 1.1 x 1.3 to 1.8 X 2.5 cm. Ail the 
flaps survived. At a follow-up of 2 to 14 months the appear- 
ance of the thumbs was satisfactory, save for 2 bulky distally 
based flaps. In 6 cases a finger pulp defect was repaired, with 
2pd ranging from 8 to 10 mm. Thumb IP motion was equal 
to the opposite side in ail cases. 

Complications 

Raising the flap proximal to the MP joint may exclude the 
nutrient artery, resulting in flap failure. Harvesting the ter¬ 
minal radial sensory nerve branch of the thumb leads to sen- 
sory loss over the dorsum of the thumb, and could resuit in 
neuroma formation. Harvesting the skin from the dorsoul¬ 
nar aspect of the thumb MP can resuit in a restriction of MP 
motion along with a decrease in the first web space span. The 
donor area is hair bearing and debulking of the flap may be 
necessary due to overlap of the pedicle. 

FIRST DORSAL METACARPAL 
ARTERY FLAP 

This is a fasciocutaneous flap first described by Holevich in 
1963. 21 It was modified and used as a neurosensory island 
flap by Foucher and Braun in 1979. 22 It is based on the 
FDMA or its dorsal digital branches. It is innervated by ter¬ 
minal sensory branches of the SRN. 

Anatomy 

The FDMA arises from the radial artery just distal to the 
extensor pollicis longus tendon, before the artery dives 
between the 2 heads of the first dorsal interosseous (FDI) 
muscle (Fig. 13-8A). The FDMA typically measures 1.2 to 
1.5 mm in diameter. There is usually more than 1 accompa- 
nying vein. The artery runs superficial to the FDI fascia and 
divides into 3 terminal branches: a radial (FDMAr), ulnar 
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FIGURE 13-8 A. Cadaver injection studies demonstrating the origin 
of the first dorsal metacarpal artery (FDMA) from the radial artery (*). 
B. Démonstration of the FDM Au that terminâtes in a plexus over the 
dorsal fascia of the index. 


(FDMAu), and intermediate branch. The radial branch runs 
along the thumb metacarpal and becomes or anastomoses 
with the dorsoulnar artery. The ulnar branch runs along the 
index metacarpal up to the MP joint, giving branches to the 
periosteum and adjacent extensor tendons. It terminâtes 
in a plexus over the dorsal fascia of the index (Fig. 13-8B). 
The intermediate branch runs toward the first web space 
and anastomoses with branches from the other 2. The flap 
is based on either the radial or ulnar branch of the FDMA. 
A proximally based flap is rotated around the point of origin 
of the artery at the base of the FDI space. The arc of rotation 
can include the palmar or dorsal thumb, wrist, and palm to 
the third metacarpal. 

The venous drainage is that of the accompanying superfi- 
cial veins. The superficial branch of the radial nerve becomes 


subcutaneous after it leaves the brachioradialis, and then 
bifurcates into 2 major branches 4 cm proximal to the styloid. 
Both branches pass radial to Lister s tubercle. The major pal¬ 
mar branch passes over the first dorsal wrist compartment, 
and then continues distally to become the dorsoradial digital 
nerve of the thumb. The major dorsal branch also bifurcates 
into the dorsoulnar digital nerve to the thumb and the dorso¬ 
radial digital nerve to the index, which supplies the adjacent 
sides of the second web space. 

Indications 

The FDMA is indicated for resurfacing either volar or dor¬ 
sal defects of the distal thumb as far distal as the IP joint. It 
can be used to cover the ulnar surface of the dorsum of the 
hand and the wrist, or the palm up to the third metacarpal. 
The FDMA flap is useful for first web space reconstruction 
following contracture and it can provide soft tissue coverage 
of the index finger up to the level of the proximal phalanx. 
Some of the advantages of this flap are its variable size, stabil- 
ity, and pliability. It provides innervated skin with no major 
donor-site morbidity. Its élévation does not sacrifice a major 
artery. It can be transferred as a pedicled flap or an island 
flap. The innervated FDMA flap allows immédiate postop- 
erative mobilization and the avoidance of a nerve repair. It 
restores sensibility, particularly in the older patient. 

Contraindications 

The flap cannot be used with radial artery injury in the 
snuffbox. If the skin overlying the first web space is included 
in the flap, skin grafting the donor-site defect may lead to 
a secondary contracture. The arterial pedicle is difficult to 
dissect. The flap is at risk of partial necrosis if pedicled on a 
nondominant branch. 

Surgical Technique 

PEDICLED FLAP 

A Doppler probe may be used to check the puise of the 
FDMAr and FDMAu against the first and second metacar- 
pals. The flap is drawn over the dorsum of the index, thumb, 
or back of the hand according to the skin defect. Under 
tourniquet the flap is raised from distal to proximal, in the 
areolar plane over the extensor paratenon. The skin incision 
is continued along the radial aspect of the index metacar¬ 
pal to include a large subcutaneous vein in the pedicle. At 
the second metacarpal neck a large perforator is consistently 
présent and should be ligated. The entire interosseous fascia 
over the FDI is included to avoid a meticulous dissection of 
the pedicle, and to avoid raising the flap on a nondominant 
branch. A small cuff of muscle of the FDI may be included to 
ensure the artery is included in the pedicle. Either the major 
palmar or dorsal branch of the SRN is incorporated into the 
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flap. The fascia is released from the metacarpal until the flap 
can reach the defect. If the flap is used for first web recon¬ 
struction, the interosseous fascia is released from both the 
thumb and index metacarpals. The flap is enlarged ulnarly 
toward the third metacarpal so that the skin extension lies on 
the first web space, avoiding a first web contracture. 

ISLAND FLAPS 

The flap is pedicled on the FDM Au when used to cover defects 
over the volar surface of the distal thumb (Fig. 13-9A-C). 
Alternatively, the dorsal skin over the proximal phalanx of 
the thumb, which is supplied by the FDMAr, can resurface 
the radial side of the index. The flap is outlined over the 
dorsum of the index proximal phalanx. A proximal longi¬ 
tudinal incision is made over the FDI muscle. The flap is 
elevated starting distally, developing t he plane between the 
subcutaneous tissue and the extensor tendon paratenon 
up to the level of the MP joint. The dorsoradial branch of 
the SRN is harvested with the skin island. The subdermal 
fascia can be quite thin; hence, care is taken to preserve its 
continuity with the FDI fascia. Inclusion of a small strip 
of extensor hood along the radial aspect of the extensor 
hood is recommended to protect the vascular connection 
from the pedicle to the skin island. Flap dimensions extend 
from the base of the proximal phalanx to the PIP extension 
crease, and can be up to 4 x 2 cm. The pedicle can be up to 
9 cm in length. 

The proximally based flap is rotated around the origin 
of the FDMA at the base of the first web space. It can be 
rotated and passed through a subcutaneous tunnel, tak- 
ing care not to compress the pedicle at the thumb IP joint. 
Harvesting a proximal tail with the island flap simplifies 
insetting and avoids the need for tunneling. The donor site 
is skin grafted. 


Harvesting the dorsal skin over the middle phalanx of 
the index as a random extension allows coverage of larger 
defects than a standard FDMA flap, in a normal length 
thumb. Composite flaps can include the extensor indicis 
proprius or communis tendon that can be transferred as 
a vascularized tendon graft. An insensate fascial flap may 
also be used for soft tissue coverage only, but it requires skin 
grafting. 

Reverse-flow fascial flaps can be used for coverage of the 
dorsum ofthe digits proximal to the PIP joints. Unfortunately, 
this flap variant cannot be innervated. The reverse-flow flap 
can reach as far ulnarly as the fifth metacarpal head. In this 
variation, the FDMA is ligated at its origin from the radial 
artery. The interosseous fascia is then elevated up to the level 
of the metacarpal neck. The donor site is skin grafted if pri- 
mary closure is not possible. 

Outcomes 

In 1 large sériés, the average 2pdwas 10.8 mm (range 4-15 mm). 23 
There was no différence in patients younger or older than 
50 years of âge. The average loss of 2pd over the flap area com- 
paredwith the donor area was 2.7 mm. 

Complications 

Postoperative complications may include flap edema from 
kinking of the pedicle. Flap necrosis can occur with injury 
to the thin fascial extension between the index island flaps 
and the FDI. Numbness over the dorsum of the middle pha¬ 
lanx of the index or hair growth over the volar aspect of the 
thumb may be an irritation. Loss of index finger motion and/ 
or poor take of the skin graft over the index extensor tendon 
are possible. Cold intolérance and dysesthesia can occur. 



FIGURE 13-9 A. Saw in jury to right thumb with destruction of the IP joint. B. FDMA flap raised from dorsum of index with a proximal skin tail. 
Note préservation of the continuity of the fascia (*) between the skin island and the interosseous muscle. C. Insetting of flap following IP joint fusion. 
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THE PEDICLED RADIAL 
FOREARM FLAP 

The radial forearm flap is a useful and versatile fasciocutane- 
ous flap designed on the radial artery. It was initially devel- 
oped as a free flap in 1978 by Yang et al. 24 It was subsequently 
described as a pedicled flap using either antegrade or rét¬ 
rogradé blood flow. 25 The flap includes the volar forearm 
skin, the underlying antebrachial fascia, and the intermus- 
cular fascia that contains the radial artery and its cutaneous 
branches. It can be innervated by the médial and latéral ante¬ 
brachial cutaneous nerves. With rétrogradé flaps, neurorrha- 
phy to the local nerves is required. 

Anatomy 

The skin of the forearm flexor surface does not hâve any 
truly axial artery. An axial pattern flap is in effect created 
by raising a flap including the fascial and subcutaneous 
vessels with their longitudinal orientation and intercon¬ 
nections. The entire radial artery from its brachial artery 
origin to the wrist can be transferred. For most of its course, 
the radial artery lies under the brachioradialis. The prona- 
tor teres, flexor pollicis longus, and pronator quadratus lie 
deep to the artery. The SRN is latéral to the artery under the 
brachioradialis. After giving off the radial récurrent artery 
near its origin, the radial artery has no named branches 
until it reaches the wrist. Here it gives off a superficial pal- 
mar branch and a palmar carpal branch. Cadaver studies 
hâve demonstrated between 9 and 17 branches from the 
radial artery to the fascia along the flexor surface of the 
forearm. The branches supplying the skin are contained in 
an intermuscular septum between the brachioradialis and 
the flexor carpi radialis (FCR). These branches are arranged 
into a proximal and distal group with corresponding zones 
of perfusion. 26 In the distal half of the forearm, there are 
branches every 1 to 2 cm. As elsewhere, 1 vascular zone can 
be extended into another. The distal zone vessels can per¬ 
fuse a fasciocutaneous flap as far proximal as the elbow. In 
a reverse pedicled flap, the skin blood supply is dépendent 
on rétrogradé flow from the ulnar artery through the deep 
palmar arch. 

Venous drainage of the radial forearm flap is by means 
of both the superficial and deep veins. There are 3 subcuta¬ 
neous veins including the cephalic, basilic, and the médian 
forearm vein as well as the paired deep venae comitantes of 
the radial artery. A reverse pedicled flap is drained by means 
of rétrogradé flow through the venae comitantes. Normally 
the venous valves prevent backflow. When a distally based 
flap is raised, the veins are denervated. The veins are kept 
filled by blood from the wrist and hand that leads to an 
increased venous pressure after ligation of their proximal 
ends. Timmons believes that the combination of these fac¬ 
tors allows reverse flow through the venous valves. 26 

The SRN, the brachioradialis, FCR, and palmaris longus 
tendons are each supplied by direct branches and branches 


off cutaneous vessels. The médial and latéral antebrachial 
cutaneous nerves enter the proximal margin of the flap and 
supply sensibility to the volar forearm. 

The radial artery gives off at least 2 periosteal branches 
of 0.2 to 0.5 mm in size along the latéral aspect of the radius, 
immediately distal to the pronator teres insertion. These 
branches are accompanied by 2 small venae comitantes and 
pass along the fascial layer deep to the extensor carpi radialis 
longus and brevis. Musculoperiosteal vessels form a constant 
source of blood supply over the anterior aspect of the distal 
shaft. They are in turn fed by branches of the radial artery 
supplying the flexor pollicis longus and pronator quadratus. 

Over the distal volar forearm the flap is thin with little 
fat, but it leaves a poor bed for skin grafting, consisting of 
tendons covered only by paratenon. A proximal flap is hair 
bearing and thicker since it has more subcutaneous fat The 
donor site contains muscle bellies, which is more favorable 
for skin grafting. The skin can be innervated by including 
the médial or latéral antebrachial cutaneous nerve. The flap 
can include the entire volar forearm skin from the subcuta¬ 
neous border of the ulna around to the radial dorsum of the 
forearm, extending as far proximal as the antecubital fossa. 
Forearm flaps as large as 35 x 15 cm hâve been reported. 

Indications 

The flap is useful forthumb reconstruction (Fig. 13-10A-G). 
It can be used for coverage of the palm or extensor sur¬ 
face of the carpus, with or without vascularized tendon. It 
can be used to cover dorsal finger defects in selected cases 
(Fig. 13-11A and B). 

Distally based radial forearm flaps designed on the 
proximal forearm can easily reach the dorsal and palmar 
surfaces of the hand. They can include vascularized tendon 
and bone. Pedicle lengths up to 15 cm are possible. If the 
flap is less than 6 cm in width, the donor site can be closed 
primarily. 

The flap arc of rotation can be increased by freeing the 
radial artery in the snuffbox and passing the flap underneath 
the thumb extensors. This allows the flap to reach as far as 
the thumb tip. The forearm flap permits postoperative éléva¬ 
tion and early mobilization of the injured limb. Proximally 
based flaps can be used to resurface defects well above the 
elbow joint. These flaps are directly innervated by including 
the médial or latéral cutaneous nerve of the forearm. 

Contraindications 

Under development of the radial artery or injury to the 
superficial and deep palmar arches would preclude the use 
of this flap, as would the absence of a connection between 
the radial and ulnar arteries. In Coleman and Ansons dissec¬ 
tion of 650 cadaver arms only 3.2% had no communication 
between the radial and ulnar arteries, and 3% had an incom¬ 
plète deep arch. 27 If both of these variations are présent, the 
thumb will be dépendent on the radial artery (approximately 
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FIGURE 13-10 A. Saw in jury with skin and bone loss of distal thumb. B. Bone reconstruction using iliac crest graft and minicondylar plate. 
C. Reconstruction of thumb ray with graft. D. Pedicle reverse-flow radial forearm flap. Note skin bridge (SB) over the pedicle. E. Supplémentai venous 
anastomosis. F. Insetting of flap. G. Long-term resuit. 
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FIGURE 13-11 A. Skin breakdown following bony reconstruction of 
a gunshot wound to the proximal phalanx. B. Pedicled rétrogradé flap 
based. 


Develop a plane deep to the radial artery at the wrist and 
find the intermuscular septum between the FCR and the bra- 
chioradialis. Incise the deep fascia over the FCR muscle belly, 
well médial to the intermuscular septum. Dissect the inter¬ 
val between the deep fascia and the muscle. Suture the deep 
fascia to the skin flap to minimize shear on the septocutane- 
ous perforators. Continue the dissection deep to the radial 
artery on both sides of the septum. The fascia superficial to 
the radial artery is left undisturbed since it contains the sep- 
tocutaneous perforators that supply the skin flap. After the 
flap dissection is complété, apply a microvascular clamp to 
the proximal radial artery prior to releasing the tourniquet. 
If there is adéquate perfusion to the flap and the thumb, then 
the artery is divided. Raise the flap, ligating ail the perfora¬ 
tors deep to the artery. Transpose the flap to the dorsum of 
the hand. If desired, perform a venous anastomosis prior to 
insetting the flap. 

The radial forearm flap can be raised as a composite skin 
flap including vascularized bone and tendon for thumb 
reconstruction. A purely fascial radial forearm flap can be 
used to cover exposed tendons on the dorsum of the hand, 
but it has to be skin grafted and innervation is not possible. A 
reverse radial fascial-fat flap préserves the radial artery and 
has been used to cover a scarred médian nerve. 

Outcomes 

In 1 sériés themoving2pd averaged 13.2 mm. This was more 
sensitive than the donor forearm; hence, it was postulated 
that the sensory return was more dépendent on the récipient 
nerve than on the donor nerve. 28 


1 in 1100). This can be identified by a preoperative Allen test. 
Vein graft reconstruction of the radial artery wouldbe neces- 
sary in these cases. Care should be exercised in acute trauma 
when hematoma extends to the snuffbox. 

Surgical Technique 

The course of the radial artery is marked. Using a pattern 
from the récipient site, outline the size of the defect on the 
proximal forearm. If the flap is outlined over the proximal 
ulnar forearm, it will be thinner and less hair bearing. A thin 
skin island can be left over the course of the radial artery to 
prevent the need for skin grafting the pedicle later on and to 
avoid an overlying skin bridge. Incise the flap down to the 
deep fascia. Harvest veins along the proximal médial border 
of the flap. This allows an easier anastomosis with local veins 
once the flap has been rotated 180°. Identify the médial or 
latéral antebrachial cutaneous nerve, and then make a proxi¬ 
mal extensile incision for a longer nerve pedicle. The SRN 
should be protected to preserve sensation to the radial aspect 
of the hand. 


Complications 

Postoperative complications include flap edema, unstable 
skin graft over tendons, hand swelling, and SRN injury. 
Flap edema is common due to associated forearm in jury or 
impaired venous drainage. Additional venous anastomoses 
will help minimize this. Skin graft failure is most likely to 
occur over tendons, especially the FCR. Even when they 
hâve successfully taken on tendons, skin grafts may suffer 
récurrent breakdown. Avoidance of the distal forearm as a 
donor site and covering the tendons with adjacent muscle 
fibers from portions of the brachioradialis, flexor digitorum 
superficialis, and flexor carpi ulnaris provide a better skin 
graft bed. Unmeshed skin grafts can be used to maximize the 
bridging phenomenon. Preoperative tissue expansion can 
also be used. 

The donor-site defect is quite noticeable. The flap is hair 
bearing and often bulky. A radial shaft fracture can occur 
following harvest of vascularized one; hence, above-elbow 
casting or splinting for up to 8 weeks is recommended. 
Although digital température comparisons show an average 
2.5% decrease following the use of the radial forearm flap, 
cold intolérance is often transient. 29 
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SUMMARY 

It is apparent that any particular soft tissue defect of the 
hand can be managed in a variety of ways. Oftentimes t he 
simplest procedure with the fewest potential complications 
will suffice. Soft tissue coverage is merely 1 component in 
the management of complex hand injuries, which may also 
require bony stabilization, neurovascular repair, and tendon 
reconstruction. Although not specifically addressed, the rôle 
of aggressive hand therapy with edema control, early active 
motion, and functional retraining cannot be overempha- 
sized. Providing stable soft tissue coverage with the potential 
for sensibility, however, expands the subséquent reconstruc¬ 
tive options and enhances the ultimate functional resuit. 
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INTRODUCTION 

Through décades of researches on microvascular surgeries, 
successful limb replantation in humans became a reality in 
May 1962, when Malt and McKahn successfully replanted an 
arm amputation in a boy at Massachusetts General Hospital 
in Boston. 1 The first report of replantation was by Chen et al, 
who successfully replanted a distal forearm complété ampu¬ 
tation in January 1963 in Shanghai Sixth Peoples Hospital 
in China. 2 The first successful replantation of a thumb was 
achieved by Komatsu and Tamai in July 1965 with the use 
of an operating microscope. 3 Replantation surgery is now 
well established worldwide, and the results obtained with 
replantation are superior to the results achieved following an 
amputation. 4-8 


INDICATIONS 

The indications for replantation are not absolute. These can 
be evaluated through a full understanding of the patient and 
the in jury, which includes the patients âge, gender, occupa¬ 
tion, hand dominance, smoking history, mechanism, sever- 
ity, and the complexity of the injury, level of amputation, 
ischémie time, and concomitant injuries, as well as patient 
comorbidities including diabètes mellitus, peripheral vascu- 
lar disease, chronic obstructive airway disease, peptic ulcer 
disease, and psychopathology. The decision should be dis- 
cussed with the patient and the family, with pros and cons 
balanced. It dépends on: 

1. The expected chance of survival of the replanted parts 

2. The expected outcome of the replanted parts 

3. The ability of the patient to endure the perioperative mor- 
bidities physically and psychologically, and the possible 
subséquent reconstructive surgeries 

4. The demand and desire of the patient 


Good candidates for replantation include any amputa¬ 
tion level in children or young women; sharp-cut amputa¬ 
tions; amputation distal to the flexor digitorum superficialis 
(FDS), or the distal interphalangeal joint (DIPJ); and thumb 
amputation, multiple digit amputations, and hand and wrist 
amputations with a short warm ischemia time. 

Replantation of almost any amputated part generally i s 
recommended for healthy children. They are able t o adapt 
to replantation better than adults. Epiphyseal growth contin¬ 
ues and sensibility is usually restored. 9,10 On the other hand, 
advanced âge increases the potential morbidity of the pro¬ 
cedure as chronic medical conditions are more prévalent in 
older patients. 

The zone of tissue damage in sharp-cut or guillotine 
amputation is limited, which requires minimal debridement 
and gives the most favorable results. Crushing amputations 
may be associated with more extensive injury than indi- 
cated by the external appearance. Adéquate debridement is 
required, but the distinction between vital and nonvital tis- 
sues is often difficult to make. Avulsion amputations hâve 
the most extensive zone of tissue damage because of the tear- 
ing mechanism. 

Replantation distal to the FDS generally functions well 
and is cosmetically superior to an amputation stump or 
prosthesis. 11 Distal replantation, replantation at or distal to 
the DIPJ, is the idéal and the only technique to restore the 
original tissue, with a high survival rate, and good cosmetic 
and functional qualities. 12-14 

The function of a replanted thumb is definitely superior 
to that of prosthesis. 15-19 Hand function is severely affected 
if thumb or multiple fingers are not présent to oppose each 
other. For multiple digit amputation, the priority should be 
given to the less damaged parts, those parts that can be trans- 
ferred from their original position to a more functional and 
important position or to a more suitable stump to increase 
the chances of survival. 20 Replantation priority should be 
given to the thumb, middle finger (MF), ring finger (RF), 
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then little finger (LF), and lastly to the index finger (IF). 
Wrist and palm replantation generally gives better func- 
tional results than a prosthesis. 21,22 Although intrinsic muscle 
recovery is sometimes poor or may resuit in contracture that 
requires a subséquent release, a restoration of protective sen¬ 
sation can usually be achieved and enough useful grasp can 
be obtained from undamaged extrinsic muscle function. 

CONTRAINDICATIONS 

There are some conditions in which replantation is not 
recommended: 

1. Minimal viable structures in the distal and proximal parts 
of the amputation, as a resuit of severe or multiple avul- 
sion/crush in jury or severe contamination 

2. Patients with multiple injuries o r medical diseases, for whom 
prolonged replantation surgery would be life-threatening 

3. Patients with peripheral vascular disease, such as vasculi- 
tis, Raynaud disease, or chronic rénal failure 

4. A mentally unstable patient who is not able to comply 
with the perioperative care 

5. Prolonged warm ischémie time 

These contraindications, however, may not be absolute. 

Successful outcomes hâve been observed in avulsion 
and crush-type injuries (Fig. 14-1). Successful replanta¬ 
tion of badly contaminated and damaged digits has also 
been reported. One case involved a girl with a 4-finger 
amputation secondary to a guillotine that were then eaten 
by a chicken. Her fingers were retrieved from the chickens 
esophagus and 1 finger was successfully replanted. There 
was another case of successful finger replantation folio w- 
ing retrieval of the amputated part from a dog’s stomach. 23 
Whether a digit is replantable or not can sometimes only 


be determined following an inspection under the operating 
microscope. 

Preexisting diseases may preclude the patients ability to 
withstand the perioperative blood volume changes, the anti¬ 
coagulation, and long anesthetic and operative times. Finger 
and hand replantation, however, can be performed under 
brachial plexus anesthésia (PA). Finger replantation can be 
done under local anesthésia (LA). Perioperative anticoagula¬ 
tion is not mandatory, especially in a clean-cut amputation 
with healthy vessels (Fig. 14-2) and in children. Bleeding can 
be minimized with tourniquet use, vein-first-anastomosis 
technique, and good hemostasis. 

Replantation survival rates drop with longer ischémie 
times. 24 Ideally replantation of a digit at room temperate 
should not exceed 6 hours, at which time irréversible tissue 
damage occurs. Prolonged cold ischémie time should not 
be an absolute contraindication for replantation, although 
the success rate drops. Leung reported the successful trans¬ 
fer of a toe to hand after 36 hours of cold ischemia. 25 Wei et al 
reported the successful replantation of 3 fingers in a patient 
after 84, 86, and 94 hours of cold ischémie time. 26 Muscle 
is the tissue that is most vulnérable to anoxia. Fortunately, 
there is no muscle in the digits, and the muscles in hand are 
not as abundant as in the forearm or arm. Revascularization 
of the fingers and hands after a prolonged period of isch¬ 
emia rarely carries the same systemic risk as a proximal 
replantation. 

The patients desire and spécial needs should be respected. 
Restoration of full length and préservation of the nail may 
be necessary in certain professions such as musicians. In 
Chinese and some Oriental countries, the concern of body 
integrity is very strong. Some would define health as body 
integrity. Some regard it as a religious belief. And some 
emphasize the importance of body integrity at ones death. 
Moreover, physical appearance can be more important than 



FIGURE 14-1 Badly crushed right thumb tip. After debridement and inspection under the microscope, a viable artery and volar vein were identified 
and anastomosed. Results at postoperative 3 months were good. 
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function in some individuals. Patients often request replan¬ 
tation even after a detailed discussion and the understand- 
ing that the procedure would not improve the overall hand 
function. 

Therefore, the decision should be individualized. 

SURGICAL TECHNIQUES 

Once the suitability of replantation has been determined, 
every minute of delay counts. It is an emergency surgery. 
Collaboration with ail of the involved parties, including 
nurses, anesthetists, the operating room, and the surgeons of 
the replantation team, is important. The initial management 
détermines the final outcome, not only the limb survivalbut 
also later reconstructive options. 

Preoperative Measures 

The immédiate management of a patient with an amputation 
in jury folio ws the Advanced Trauma Life Support guidelines. 
The amputated part and stump are inspected and photo- 
graphed for preoperative planning. X-rays of both the ampu¬ 
tated and proximal parts should be available. The amputated 
part is then immediately wrapped with gauze soaked in 
physiological saline, sealed in a waterproof plastic bag and 
placed in ice with water, or refrigerated at 4°C. One surgeon 
starts the préparation of the distal part, while the other pré¬ 
parés the patient for surgery. 


General Aspects 

The operation is performed under general anesthésia (GA), 
or PA, which aids vessel dilatation and is the most common 
mode of anesthésia for replantation in China. Children need 
GA. Finger or distal replantation can be performed under 
LA. The patient is kept warm. A Foley cathéter is inserted. 
A tourniquet is applied but not inflated unless there is pro¬ 
fuse bleeding from the proximal part. Excessive arm abduc¬ 
tion is avoided; otherwise it is difficult to hypersupinate or 
hyperpronate the forearm and hand during surgery, which 
will create difficultés especially when replanting a thumb. 
The lower limb is draped for the possible harvesting of vein 
grafts and skin graft for hand replantation. 

DEBRIDEMENT, LABELING, AND 
BONE SHORTENING 

A meticulous debridement of the distal and proximal parts 
of the amputation is a basic requirement to the success of 
replantation and is part of the process to identify and label 
the vital structures. 

To save time, it is better to hâve 2 teams, 1 working on 
the distal part and the other on the proximal part. For the 
proximal part, the inflation of tourniquet is not routine, 
unless the bleeding obscures the field or affects the vascular 
dissection. The tourniquet time should be minimized to pre- 
vent the subséquent refractory vasospasm. Vascular clamps 
are applied to the vessels to decrease the tourniquet time. 
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The debridement is done under the operating microscope. 
Ail devitalized and contaminated tissues are removed. The 
neurovascular structures are identified and marked. Avoid 
immersing the distal part into normal saline for cleansing 
or squeezing the parts; otherwise, the blood clots and the 
vessel lumen are diluted or removed, and the tissue at the 
amputation end becomes swollen making the identification 
of the neurovascular structures difficult. Stabilize and mount 
the distal part on a towel with a needle, over the nail plate 
(Fig. 14-3). It can be placed on a wet gauze on top of a small 
ice pack to reduce the warm ischémie time. 

The digital nerves lie médial and volar to the digital arter- 
ies. The diameter of the radial and ulnar digital arteries is 
similar in the MF. But in the other fingers, the dominant 
artery is the one facing the MF. At the distal phalanx, about 
5 mm distal to the distal finger crease, the digital artery turns 
toward the midline, Crossing dorsal to the digital nerve, anas¬ 
tomoses with the contralatéral digital artery, and forms an 
arcade in the pulp, just distal to the insertion of the flexor 
digitorum profundus (FDP) tendon, about half way along 
the distal phalanx. In distal replantation, in the proximal half 
of the distal phalanx, the artery can be traced along the sides 
of the pulp; in the distal half, the artery is identified in the 
central portion. Usually the most central artery is the longest 
and has the largest diameter. 

It is easier to anastomose the dorsal veins as compared 
with the volar veins, which are fixed tightly to the dermis, 
and hâve a smaller diameter and thinner wall. The dorsal 
venous System also has a characteristic pattern for easy iden¬ 
tification. It tends to lie at the sides of the distal phalanx at 
the DIP J level and form a cross-network at the phalangeal 
level. Since the veins form a network, when 1 vein is identi¬ 
fied, the second can be found when followed distally in the 
distal part and proximally in the proximal part. Three to 
4 veins are enough. If the dorsal veins are insufficient, the 
volar veins are traced. Elévation of triangular skin flaps as 
advocated by Tsai et al gives a good exposure of the volar 
veins. 27 Both the arteries and veins can be identified in the 
région of dots of blood clôt. Milking the finger refills the 
vessel lumen with blood that makes it more visible. If a vein 
cannot be identified, especially in a distal replantation, it 
can be left until after the arterial anastomosis has been com- 
pleted when the blood outflow refills the vein that makes it 
easier to visualize. 

The damaged vessel wall is excised. The zone of vascu- 
lar damage dépends on the mechanism of injury. In a crush 
injury, the vascular injury can be segmentai and multiple, 
and not confined to the level of amputation. In an avulsion 
injury, the zone of in jury is more extensive a nd there may be 
a ribbon sign and red-line sign, which is indicative of more 
extensive vessel damage, where a red line can be seen along 
the course of the artery. The damaged segment of the ves¬ 
sel that should be excised includes vessel wall with a loss of 
the normal elasticity, a swollen vessel wall with unidentifi- 
able layers, adventitial injury, muscle layer injury, intimai 
damage ^vith exfoliation, irregular vessel wall, and ves¬ 
sel wall with an adhèrent fibrinous material. Pulsatile flow 


from the proximal artery is a sign of good blood flow, which 
should be steady and sustained. One should not hesitate 
to excise the unhealthy vessel; otherwise it will be much 
longer to revise the anastomosis. In a crush and avulsion 
amputation, the digits can be salvaged with multiple vein 
grafts. 28 In a distal replantation, however, an arterial defect is 
unusual. Since the artery in the pulp is tortuous, dissection 
of a short segment and straightening the artery is sufficient 
to over corne any length defect and allow opposition to the 
proximal artery. 

Vessel irrigation is useful in order to assess the condition 
of the vascular bed and to flush out the metabolic products 
and thrombi of the distal part. It is not necessary in a sharp- 
cut distal amputation where the distal vascular bed is healthy. 
Heparinized saline is injected slowly and gently into the arte¬ 
rial opening. If the vascular bed is patent, saline will flow 
out from the eut ends of the communicating branches of the 
artery, bone medullary cavity, and veins. If there is résistance 
to the injection, there may be a distal occlusion secondary to 
vasospasm or clôt, or a vessel tear or rupture, in which saline 
will escape into the subeutaneous tissue. Dissection distally 
to identify and deal with the rupture or occlusion is neces¬ 
sary. If the résistance is mild and the irrigating saline slowly 
outflows from the vein, this may be secondary to tissue 
edema from a prolonged ischemia time. In extensive rupture 
of capillary bed, which commonly occurs in a compression 
or crush in jury, punctate hemorrhage is found in the skin, 
and the distal part is swollen with no saline outflow when 
irrigated. If no arterial rupture or occlusion can be identified 
after an extensive dissection, the replantation may need to be 
abandoned. 

Next, identify and label the nerves. Excise the flimsy torn 
nerve ends in avulsion amputation. In a distal replantation, 
good sensory recovery can still be observed even if no nerve 
is repaired, probably because of good distal neurotization. 29 

Bone shortening is necessary for a primary tension-free 
neurovascular anastomosis and soft tissue coverage, with- 
out compromising length and function. Shorten the bone 
for about 4 to 5 mm in adults, 3 to 4 mm in children, and 
2 to 3 mm in a distal replantation where tension in the neu¬ 
rovascular anastomosis is seldom a problem. If the ampu¬ 
tation is close to a joint, shorten the side with the longer 
bony length in order to preserve the joint. If the joint is dis- 
rupted, excise the subchondral bone for an arthrodesis. Use 
a stérile glove as a tissue protector during the bone excision 
(Fig. 14-4). 

APPROXIMATION OF THE 2 PARTS 

The order of repair for various structures varies according 
to the surgeons preference and the clinical scénario. Our 
preferred sequence is: osteosynthesis, flexor tendon repair, 
extensor tendon repair, dorsal vein anastomosis, digital 
nerve coaptation, digital artery repair, volar vein anastomo¬ 
sis if necessary, and skin closure/coverage. If the distal ten¬ 
don stump is short, the tendon sutures are placed prior to 
osteosynthesis. If a vein graft is needed to bridge the vascular 
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FIGURE 14-3 Left RF was amputated a t the PIPJ level. It was replanted with 1 artery and 3 dorsal veins. The joint was successfully preserved without 
bone shortening. Postoperative venous congestion was salvaged with leech therapy. 
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FIGURE 14-4 Thumb avulsion amputation. A stérile glove was used 
as tissue protector during bone shortening and skeletal fixation with 
90-90° wiring loops. FDS of the ring fmger was transferred to the FPL. 
The EIP was transferred to the EPL and reinforced with pullout wiring. 
The digital arteries were anastomosed at the proximal phalangeal base 
with interposition vein grafts. Two dorsal veins and digital nerves were 
directly repaired. 


defect, it can be anastomosed to the distal part before osteo- 
synthesis in order to shorten the warm ischemia time. If 
the ischémie time is short, the trauma is not severe, and the 
vascular status is satisfactory, a vein-first-anastomosis can 
establish the venous return after arterial anastomosis, reduce 
the bleeding, provide a cleaner operative field, avoid venous 
stasis and tissue edema, and eliminate the possibility of vaso- 
spasm or blood clotting when inflating the tourniquet after 


arterial anastomosis. Repairing digital nerve early ensures a 
meticulous repair in a bloodless field. 

Osteosynthesis. Bony stabilization is the first step in the 
approximation of the 2 parts. This provides a stable construct 
to protect against excessive tension on multiple microanasto¬ 
moses. Without a stable bony framework, the nerves or ves- 
sels that hâve already been anastomosed may become twisted 
or lacerated, and the soft tissue will not be restored, making 
tensioning of the tendons difficult. Rigid bony fixation also 
allows early réhabilitation toprevent tendon adhesion or joint 
stiffness. However, if the exposure and completion of the 
micro vascular anastomosis are difficult after osteosynthesis, 
such as in a volar oblique distal amputation, the K-wire that 
is used to fix the fracture can be initially inserted to the distal 
part and then advanced into the proximal part after the vas¬ 
cular anastomosis has been completed. 

Techniques for bone fixation are numerous. They should 
be simple, quick, effective, and secure. They include the use 
of K-wires, intramedullary screw, interosseous wires, and 
plate fixation. Crossed K-wires are commonly used. They are 
quickly applied and produce acceptable results. 30 But they do 
not support vigorous mobilization. Stiffness, nonunion, or 
malunion may resuit. Interosseous wiring in concert with a 
screw or K-wire as described by Lister 31 and 90-90° wiring 
are our preferred techniques (Fig. 14-5). Other configura¬ 
tions include Cassefs tetrahedral cerclage, 32 and tension band 
wiring. 33 Interosseous wiring techniques are relatively easy, 
speedy, require little additional dissection, provide compres¬ 
sion at the fracture site, give reliable healing, and permit 
early and intensive postoperative mobilization. 30 ’ 34,35 Dorsal 
and latéral plating provides a very stable construct, but needs 
more extensive dissection and takes longer. Lag screws are 
used to secure oblique fractures that are not commonly seen 
in amputation injuries. Intramedullary screws are commonly 
used in DIP J fusion or phalangeal fractures. The stability is 
reliable and the soft tissue dissection is minimal. The bone 
ends must be perpendicular to the longitudinal axis of the 
phalanx so that the distal part can be completely screwed 
into the proximal one without impinging on the opposite 
bone end. Care must be taken to avoid trapping the tagged 
vessels or nerves in the fracture site. If the joint is disrupted, 
fuse the joint at functional position. 

Flexor Tendon and Extensor Tendon Repair. The standard 
flexor tendon repair includes 4 strands of core sutures and 
an epitendinous running stitch. Sturdy tendon repair facili¬ 
tâtes early mobilization and minimizes tendon adhesion. In 
a zone II flexor tendon in jury, the FDS can be excised with¬ 
out repair unless it is a sharp-cut amputation. In a proximal 
interphalangeal joint (PIPJ) arthrodesis and multiple digit 
amputations, no FDS repair is necessary. Some advocate 
performing the arterial anastomosis before the flexor tendon 
repair in zone II in order to allowfinger extension and bet- 
ter exposure for the neurovascular repair. The proximal and 
distal core sutures are placed beforehand and tied after the 
arterial anastomosis and nerve repair. The forearm is then 
pronated for the extensor tendon repair. 
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FIGURE 14-5 Amputation at the base of the 4 fingers. Transverse fractures at base 
of the PP were fixed with 90-90° wiring. 


Dorsal Veitt Anastomosis. Choose the biggest and best- 
quality vein for anastomosis first. Excise the segment with 
a valve if it is close to the anastomosis site. Use 10-0 nylon 
sutures. Release the vascular clamp to allow fïlling of the col- 
lapsed vein. If the tourniquet is inflated, squeeze the fore- 
arm to force some blood flowing across the anastomosis 
and refill the lumen. In a more distal amputation, the vein 
is smaller, adhered to the skin, and fragile with a thinner 
wall, which does not allow for a long dissection or use of 
a vascular clamp. The posterior wall is sutured first, with 
intermittent heparinized saline irrigation to clear the view. 


Venous blood refluxing into the repairing lumen fills up 
the distal vein and avoids suturing the opposite wall when 
repairing the anterior wall. Anastomose at least 2 to 3 veins 
in a finger replantation and more in a hand replantation. For 
a distal replantation, although an arterial-only anastomosis 
also gives successful results using a bloodletting technique 
for venous drainage postoperatively, 36 a venous anastomosis 
decreases a postoperative venous congestion, improves the 
chances of survival of the replantation, decreases the bleed- 
ing risk, and simplifies the postoperative care. A venous 
anastomosis should still be attempted at least once, and is 
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mandatory if more than 1 artery is anastomosed in a distal 
replantation. If no distal vein is available, anastomosing t he 
distal artery to a proximal vein is also a viable option for 
venous drainage. 

As soon as the anastomosis is completed, a bolus ofhepa- 
rin 3000 to 5000IU is administrated intravenously if there is 
no contraindication. 

Digital Nerve Repair. Contused and flimsy nerve ends 
are excised. Use 9-0 nylon sutures. Use about 4 epineurial 
stitches for each nerve. 

Arterial Anastomosis. Confirm there is good pulsatile 
proximal arterial flow before anastomosis. A weak arte¬ 
rial flow signifies arterial spasm due to a proximal arterial 
in jury, a cold environment, low patient blood pressure and 
déhydration, vasospasm secondary to pain when brachial 
PA is wearingoff, or external pressure from retracted skin or 
swollen adjacent damaged tissue. Ail these factors should be 
reversed. Dissect the artery proximally and release the adja¬ 
cent tissues and adventitia. Local injection of lignocaine and 
papaverine is usuallyhelpful. 

Anastomose both digital arteries if possible. If the smaller- 
sized digital artery is not repairable, ensure that there is flow 
through the larger vessel. If a primary repair of the larger ves- 
sel is not possible, it needs to be reconstructed, in addition to 
anastomosing the smaller one. Reconstructive options include: 

• An interpositional vein graft, which can be harvested 
from the volar wrist, anterior forearm, or dorsum of the 
foot. Ensuring an appropriate length of the vein graft is 
important. The diameter of a vein graft of insufficient 
length undergoes narrowing on tension. A graft that 
is too long kinks, thus decreasing flow and increasing 
the risk of thrombosis. Reverse the graft for arterial 
interposition. 

• Interpositional artery graft. This can be harvested from 
the nonreplantable digits in multiple digit amputations. 

• Arterial transposition from an adjacent finger (Fig. 14-6). 
This is a good option especially for a long vascular defect 
and is commonly used in a thumb avulsion amputation. 
Apply a vascular clamp on the donor artery before trans¬ 
fer to test for the adequacy of arterial supply to the normal 
finger. An adéquate arterial length and straight course of 
the transferred artery are also important. 

If there are arterial defects of both digital arteries, an arterial 
cross-transfer in the same digit is helpful to restore vascular- 
ity. It is done by anastomosing the longer artery of each side 
(Fig. 14-6). 

Release the tourniquet or vascular clamp after the arterial 
anastomosis. Assess the patency of the arterial and venous 
anastomosis by assessing the color, capillary refill, and turgor 
of the distal part. Anastomose additional veins if necessary. 

Skin Coverage/Closure. Achieve meticulous hemostasis 
before closure. Take care not to injure the anastomosed veins 



FIGURE 14-6 Arterial reconstructions for arterial defects. 
A. Interposition vein graft. B. Arterial transposition from an adjacent 
finger, length of the transposed artery must be longer than the arterial 
defect. C. Arterial cross-transfer in the same finger. 


during closure. If there is a dorsal skin defect with loss of 
venous tissue, the surgical options include: 

• Vein grafting and then covering the defect with a skin 
graft. 

• A Foucher venous f low-through flap. Raise a f lap f rom an 
adjacent finger, including the underlying cutaneous veins 
that are divided at the PIPJ level. The flap is used to cover 
the skin defect after the flap veins are anastomosed to the 
veins of the finger being replanted. This is particularly 
well suited for a thumb avulsion amputation. 

Remove the distal one third of nail plate for possible later 
bloodletting techniques. 

POSTOPERATIVE MONITORING AND CARE 

In general, keep the patient in a warm room that is 80°F 
if available. Maintain good hydration and oxygénation. 
We usually give dextran 40 at 40 mg daily and intravenous 
fluid for 5 days if not contraindicated. Monitor the hemo- 
globin level and administer a blood transfusion when 
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necessary. Give anticoagulants for about 10 days if not 
contraindicated, in concert with an H 2 receptor antagonist 
or proton pump inhibitor. Give aspirin for a month if not 
contraindicated. Continue antibiotics and monitor the cir¬ 
culation hourly. The height of hand élévation is according 
to the circulatory status. Bloodletting is performed if there 
is venous congestion. It can be achieved by pricking the 
exposed nail bed with needle. Gently massage the finger. 
Apply a small piece of heparin-soaked gauze over the nail 
bed. Remove any blood clôt on the nail bed when formed. 
Alternatively, one can use medical leeches along with pro- 
phylactic antibiotic for Aeromonas hydrophila infection 
(Fig. 14-3). 

Change the dressing to avoid constriction by dried blood 
2 days after the operation. Blood-soaked dressings also offer 
a bacterial culture medium and can augment the conditions 
for local infection. Trim any necrotic skin edges when neces¬ 
sary to avoid infection. 

Reexploration is performed in the event of a vascular cri- 
sis. In a distal replantation, reexploration for vascular crisis 
is usually futile and only 1 attempt is performed. Educate the 
patient to avoid tobacco, and caffeine-based food. 

SPECIFIC CIRCUMSTANCES 

Ring Avulsion Amputation. Urbaniak classified this in jury 
into 3 types: type I, soft tissue injuries with preserved 
circulation; type II, circulation compromised; type III, com¬ 
plété degloving or amputation. Avulsion injuries are usually 
associated with a poor functional outcome especially for 
a complété amputation (type III) at the PP or PIPJ level. 
Urbaniak advocated révision amputation for type III inju¬ 


ries, but a recent systemic review reported a mean survival 
of 66%, total action motion of 174°, and a mean 2-point 
discrimination of 10 mm. 37 The success relies on the tech¬ 
niques of: 

• Adéquate bone shortening to allow a primary soft tissue 
envelope and neurovascular repair 

• Aggressive debridement of avulsed vessels with use of 
interpositional grafts 

• Arterial or venous transposition from adjacent fingers or 
hand dorsum (Fig. 14-7) 

• Use of skin graft and venous flow-through flaps to pro¬ 
vide wound coverage 38 

Multiple Digits, Multiple Level Amputation. This is a great 
challenge that requires surgical expertise, expérience, creativity, 
and a dedicated team approach to meet the surgical complex- 
ity and prolonged operative time. There are some tricks: 

• When each part is still connected by a skin bridge, the part 
can be placed on a wet gauze on an ice bag to cool the digits 
and reduce the warm ischémie time during the operation. 

• If the parts are separated, we prefer a sequential approach 
in which they are replanted individually, with the others 
kept on ice until replantation. 

• A priority is given to the less damaged parts, with the 
best chance of survival, the best expected recovery, and 
a most significant contribution to the overall hand func- 
tion. Those parts can be transferred from their original 
position to a more functional and important position, 
for example, moving a digit to the thumb position, 
or to a more suitable stump to increase the chance of 
survival. 20 



FIGURE 14-7 Urbaniak type III ring avulsion amputation of right RF. The radial digital artery was r econstructed with a vein graft. A dorsal vein was 
transposed from the index with the distal ends of the Y-bifurcation anastomosed to the RF. The digital nerves were repaired with a nerve graft. 
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• If ail parts are similarly damaged, the priority is based 
on patients functional demands. Replantation of the MF 
and IF is a priority if pinching function is more désirable; 
replantation of the RF and LF is a priority if better gripping 
and grasping are needed. Controversies exist with regards 
to replantation of the IF and LF. The patient will bypass a 
stiff and insensate replanted IF and use the MF. The IF also 
limits the first web space span and impedes the function 
and opposition of the other fingers to the thumb. On the 
other hand, the function of the other fingers is not uncom- 
monly interfered with by a stiff LF. In multiple digit replan¬ 
tation, however, the function of the other fingers is similar, 
and LF replantation helps to restore hand span. Therefore, 
in general, we recommend the priority of replantation 
should be the thumb, MF, RF, LF, and lastly the IF. 

• Replant as many fingers as possible in case any of the 
replants fail. 

• Part salvage is important. Make use of the spare parts, 
such as artery, veins, tendon, nerve, and even skin as 
donor tissue, from the unreplantable amputated parts, to 
reconstruct the injured replantable parts. 

• Two to 3 teams participate, in order to reduce the ischemia 
time when operating on different parts concurrently, and 
to change off after every digit, to minimize the surgeons 
fatigue during a prolonged operation. 

• To shorten the ischémie time, the sequence of repair can 
be: osteosynthesis, extensor tendon repair, 1 dorsal vein 
anastomosis, core sutures placed at the flexor tendons (not 
yettied), and 1 digital artery anastomosis. Once the circu¬ 
lation is established in 1 finger, proceed to another. Then 
complété ail by anastomosis of another dorsal vein, another 
digital artery, digital nerves, and finally the flexor tendons. 

• Arterial-first anastomosis if the injury condition is not 
favorable, that is, in crush and avulsion injuries, and long 
ischémie time. 

Thumb Amputation. The thumb constitutes 40% to 50% of 
the total hand function. Successful replantation provides a 
significant restoration of the hand function. The ulnar digi¬ 
tal artery is twice the size of the radial digital artery, which 
has a more variable anatomy. 39 Anastomosing the ulnar 
digital artery gives a more reliable circulation to the thumb. 
Sensory recovery of the ulnar pulp is also more important 
than the radial side in the thumb. However, exposure and 
repair of the ulnar digital artery and nerve are difficult 
even with the hand in hyperpronation. The digital arter- 
ies are branched from princeps pollicis or directly from 
the palmar arches. The branches are so short that once 
ruptured, they retract between the first dorsal interosseous 
and adductor pollicis muscles, and make their identifica¬ 
tion and exposure for anastomosis difficult. There are some 
techniques that help to make thumb replantation easier and 
more successful: 

• Avoid too much abduction of the shoulder during posi- 
tioning after the administration of anesthésia so that fore- 
arm hyperpronation can be easier. 


• Radical debridement is important to make sure that 
healthy tissues are left for repair and the risk of infec¬ 
tion and inflammation causing tissue edema is mini¬ 
mal. Do not hesitate to use an arterial interposition vein 
graft, which was shown to improve the survival rate 
significantly. 40,41 

• Anastomose the ulnar digital artery and repair the ulnar 
digital nerve before osteosynthesis. This solves the posi- 
tioning problem, gives a better exposure, keeps the plane 
of anastomosis in plane with the hand, and widens the 
field of focus of the operating microscope. The sequence 
of repair is: insertion of K-wire into the distal bone, inser¬ 
tion of the core sutures in the proximal and distal stumps 
of the flexor pollicis longus (FPL), ulnar digital artery 
repair (proximal vascular clamp in place), ulnar digital 
nerve repair, osteosynthesis by advancing the K-wires 
proximally after réduction, radial digital nerve repair, 
radial digital artery repair if available, extensor tendon 
repair, dorsal vein anastomosis, and release of the vascu¬ 
lar clamp and tying of the FPL sutures. If the ischémie 
time is long, release the proximal vascular clamp on the 
ulnar digital artery and reapply if necessary. 

• If the amputation level is at the metacarpophalangeal 
joint, use an arterial interposition vein graft from the 
radial artery in the anatomie snuffbox (end-to-side anas¬ 
tomosis) to the ulnar digital artery of the distal part. 40,42 
Préparé a subeutaneous tunnel at the ulnar aspect of the 
thumb base to the snuffbox, and dissect the radial artery 
for end-to-side anastomosis. The sequence of repair is: 
insertion of the K-wire in the distal bone, insertion of 
the FPL core sutures, vein graft anastomosis to the dis¬ 
tal ulnar digital artery, passage of the vein graft to the 
snuffbox, ulnar digital nerve coaptation, osteosynthesis, 
radial digital nerve coaptation, radial digital artery repair 
if available, extensor tendon repair, dorsal vein anastomo¬ 
sis, end-to-side anastomosis of the vein graft to the radial 
artery, and tying of the FPL sutures. 

Thumb Avulsion Amputation. Replantation of an avulsed 
thumb is more complicated. The vessels are avulsed into a 
ribbon shape, the digital nerves into a “rat-tail” appearance, 
the tendons are torn at the musculotendinous level, and the 
skin is degloved. The decision as to whether to perform a 
1-stage replantation and reconstruction or a 2-stage recon¬ 
struction dépends on the status of the residual vascular bed 
that is determined after debridement. One-stage surgery is 
advocated for thumbs with a reasonable expectation of sur¬ 
vival. The surgical techniques required for success are: 

• A team approach. One team préparés the distal and the 
other préparés the proximal. When the préparation of the 
proximal part is not completed, preserve the distal part 
cold. 

• Radical debridement is important. 

• The proximal veins are usually badly torn. A vein trans¬ 
fer from the IF is a viable option. An adéquate length of 
subeutaneous vein from the IF is harvested, with distal 
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FIGURE 14-8 Honda type B hand avulsion amputation. This was an avulsion type. The devitalized muscles were excised; metacarpals were shortened 
and fixed with plates. 


end of Y-shaped bifurcation for anastomosis to 2 dor¬ 
sal veins of the thumb. If there is dorsal skin defect, a 
venous flow-through flap from the IF can be prepared 
for transfer. 

• If it is decided to proceed with a 1 - stage procedure, an 
adéquate préparation of the proximal part before osteo- 
synthesis is crucial to reduce the warm ischemiatime. This 
includes harvesting and transferring the extensor indicis 
proprius (EIP) to the extensor pollicis longus (EPL) and 
the FDS of the RF to the FPL (Fig. 14-4). Préparé for a 
digital nerve transfer from the IF, by transferring either 
the ulnar digital nerve of the IF or radial slip of the radial 
digital nerve of the IF. Interposition nerve graft is another 
option. Use interposed vein graft for digital artery anas¬ 
tomosis. If it is decided to transfer the radial digital artery 
of the IF to the ulnar digital artery of the thumb, préparé 
an adéquate length and make sure the circulation of the IF 
is not compromised. 

• Liberal use of interposition vein graft and skin grafts is 
helpful. 

Hand Amputation. Honda et al classified hand amputation 
into 5 types: type A, amputation through the carpus; type 
B, amputation through ail 5 metacarpals (Fig. 14-8); type C, 
amputation through the second to fourth metacarpals and 
thumb PP; type D, amputation through the second to fourth 
metacarpals; type E, amputation through the first to fourth 
metacarpals. 43 However, hand replantation is generally 


regarded as the replantation of the proximal palm, wrist, and 
distal forearm level. Surgical techniques are similar to any 
replantation, but soft tissue tensioning is very important to 
the final functional outcomes. Ail flexor tendons should be 
repaired so that the FDS can be later transferred if intrinsic 
muscle function of the hand does not return after reinnerva¬ 
tion. A volar incision and carpal tunnel release help expose 
the tendon and nerves for proper identification and repair. 
The knowledge of the arrangement of flexor tendons in the 
wrist must be clear, where the FDS of the MF and RF are 
volar to the IF and LF. The récurrent motor branch should 
be traced and repaired. If the articular cartilage is mostly 
preserved in a type A amputation, a proximal row carpec- 
tomy (PRC) helps both to achieve bone shortening and to 
preserve joint motion. 44,45 A secure and strong repair of the 
joint capsule and extrinsic ligaments of the wrist prevents 
later ulnar translocation of capitate f rom the lunate fossa of 
the radius 46,47 (Fig. 14-9). If the wrist joint is fused, it is held 
in 20° of extension (Fig. 14-1 OA and B). The tendon repair 
is very time-consuming. The warm ischémie time can be 
reduced by placing core sutures at the flexor tendons before 
osteosynthesis. In general, the sequence of repair is: PRC/ 
bone shortening; osteosynthesis; dorsal extrinsic ligament 
repair; extensor tendon repair; 2 dorsal vein anastomosis; 
radial artery/ulnar artery anastomosis; once circulation is 
established, volar extrinsic ligament repair, otherwise, anas¬ 
tomose the other artery; flexor tendon repair; médian nerve 
and ulnar nerve repair under microscope; more dorsal vein 
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A 

FIGURE 14-9 A. Honda type A hand amputation. A 47-year-old man, left wrist saw eut in jury. The capitate f racture was fixed. A proximal row car- 
pectomy was done and the wrist was fixed with K-wires. Three dorsal veins, the radial artery, and ulnar artery were anastomosed. 


and artery anastomosis to achieve a circulatory equilibrium. 
A prophylactic fasciotomy is usually not necessary. If isch¬ 
émie time is long, artery is anastomosed after osteosynthe- 
sis. Tourniquet is periodically inflated and deflated to stay 
within safe time limits. This is particularly true in wrist avul¬ 
sion amputation, which demands a much longer operative 
time. The tricks for success are to minimize ischémie time 
by team approaches and arterial-first anastomosis and some- 
times arterial shunting, radical debridement and excision of 


devitalized muscles, préservation of tendons, and primary 
tendon transfer (Fig. 14-1 OA and B). 

OUTCOMES AND COMPLICATIONS 

It is more common to encounter failures and complica¬ 
tions if the meticulous steps are not followed. In general, 
the overall survival rates of finger and hand replantation 
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FIGURE 14-9 (Continued ) B. Results at 3.5 years after replantation. X-rays showed maintenance of the joint space between the lunate fossa of radius 
and capitate without evidence of an ulnar translocation. 


are high. In Mainland China, for a 10 years’ time, from 
1992 to 2003, of the reported 25,221 replanted fingers, 
the survival rate ranged from 75.5% to 98.3%. 47 It is much 
higher in hand replantation but lower in crush and avulsion 
amputations, and with long ischémie time. Complications 
should be looked for and corrected promptly. Early com¬ 
plications include vascular crisis, bleeding, and infection. 
Arterial insufficiency occurs at a time when edema was 
at its peak on the second to fourth day when the wounds 
should be checked routinely for tissue tension, tight stitch- 
ing, or hematoma collection. When arterial insufficiency is 
detected early, exploration and thrombectomy often save the 
replantation. Venous congestion can be earliest detected by 
a throbbing sign when an obvious throb is felt on the pulp. 48 
In distal replantation, gentle massage usually can save the 
finger. However, if it is allowed to persist in a more proxi¬ 
mal replantation, frank venous congestion will develop and 
circulatory shutdown will be resulted. Loose bulky dress- 
ing, hand élévation, and sometimes medical leeches are 
helpful (Fig. 14-4). If these are not effective, exploration, 
venous reanastomosis, vein grafting, loosely placed stitches, 
and skin grafting to prevent tissue tension should be done 
promptly. Despite careful hemostasis, bleeding commonly 
occurs after anticoagulation and bloodletting, which may 
require blood transfusion. Oozing usually stops spontane- 
ously in a few days and bedside coagulation to the bleeders 
of the proximal part is sometimes necessary. Infection can 
be prevented by extensive debridement with bone shorten- 
ing and skin grafting or local flaps. Finger stiffness is expect- 
edly a common late complication for amputation proximal 


to the FDS insertion. Tenolysis and joint contracture release 
are performed 6 months after replantation to achieve maxi¬ 
mum function. Rigid fracture fixation helps to minimize 
fracture nonunion and hasten early mobilization to reduce 
joint stiffness and tendon adhesion. In primary nerve repair, 
the recovery of sensibility is nearly as good as the results of 
an isolated peripheral nerve. 

Functional recovery represents the true success in 
replantation. The more distal the replantation, the more 
complété the functional recovery. Young patients hâve a 
particular good prognosis. Although the survival rate of 
hand replantation is high, recovery of motor and sensory 
function is variable. 22,49,50 Nevertheless, high probability of 
returning to work and having useful hand function made 
the patients satisfied with the replantation surgery. 22,49,50 In 
the sériés of Honda et al, the worst results were observed 
in type A, which was associated with reflex sympathetic 
dystrophy; the best results were achieved in type C to D, 
whereas type B and E results depended on the résultant 
thumb function. 43 For finger replantation, the total active 
motion (TAM) of more than 50% of the contralatéral finger, 
total grip strength approaching two-thirds of the healthy 
hand, the pinch power of at least half of the contralatéral 
finger, satisfactory sensory recovery, and patient satisfac¬ 
tion were commonly reported. We performed a detailed 
review of 37 distal finger replantation cases over 5 years, 
with 77% resulting from avulsion and crush injuries, gave 
85.7% survival rate, with pinch power 78.4%, grip power 
90%, and TAM 92% of the contralatéral side, and 2-point 
discrimination averaged 5.7 mm. 29 
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FIGURE 14-10 A. A 50-year-old man sustained a traumatic amputation at a construction site. He picked up his amputated hand and walked t o the 
hospital. The fmger tendons were avulsed at the musculoskeletal junction, whereas the wrist flexors and extensors were avulsed at the wist level. Both 
the médian and ulnar nerves were avulsed at the midforearm level. B. The distal radius and ulna were shortened 3 cm and a primary wrist fusion was 
done. The radioulnar joint was stabilized with a K-wire. The flexor carpi radialis was transferred to the FPL, the FDP tendons were repaired to the FDP 
muscle, the extensor carpi radialis brevis was transferred to the EPL, the extensor carpi radialis longus was transferred t o the abductor pollicis longus, 
and the extensor digitorum communis (EDC) tendons were repaired to the EDC muscles. 
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INTRODUCTION 

In 1910, Dr Robert Kienbôck, a Viennese radiologist, described 
collapse of the lunate and attributed it to traumatic disruption 
of the bones blood supply. 1 Over lOOyears later, Kienbôck dis¬ 
ease is still best characterized as avascular necrosis of the lunate. 

In 1947, Stahl classified Kienbôck disease based on x-ray 
morphology combined with pathologie changes in the bone. 2 
In 1977, Lichtman et al refined the staging System to make 
it more clinically relevant (Table 15 -1 ). 3 Today, to enhance 
its clinical applicabilité investigators are looking at MRI 
and arthroscopic findings in order to understand the impli¬ 
cations of vascular and cartilage changes on the individual 
stages of Kienbôck disease. 

Controversy and uncertainty still exist regarding the best 
treatment options. Several factors can account for this. First, 
Kienbôck disease is a relatively uncommon disorder, mak- 
ing it difficult to assemble large enough sériés to generate 
effective studies. Next, in most cases, the précisé etiology of 
the disorder is unknown; consequently, preemptive treat¬ 
ment is problematic. This is aggravated by the fact that most 
patients are diagnosed relatively late in the course of the dis¬ 
ease, making it difficult to identify proximate inciting causes. 
Finally, the natural history is largely unknown since there are 
few well-designed studies that follow the longitudinal course 
of the disease or that prospectively compare the outcomes of 
treated versus untreated patients. 

Despite the lack of significant progress over the past cen- 
tury, there are indications that newer technology will soon 
enable surgeons to more accurately assess the appropriate 
treatment options for spécifie cases of Kienbôck disease. This 
chapter will explore these possibilities from the perspective 
of creating a more clinically relevant treatment algorithm for 
patients with this very challenging diagnosis. 

ETIOLOGY 

Négative ulnar variance may be a risk factor for the develop¬ 
ment of Kienbôck disease. To détermine the ulnar variance, 
a posteroanterior radiograph of the wrist should be obtained 


with the forearm in neutral rotation. In 1928, Hülten specu- 
lated that négative ulnar variance may increase shear f orces 
across the lunate and prédisposé patients to developinglunate 
AVN. 4 He observed that 78% of his patients with Kienbôck 
disease had ulnar négative variance, compared with only 23% 
in the unaffected population. In contrast, D’Hoore et al found 
no significant différence between the mean ulnar variance of 
125 patients without Kienbôck disease and 52 patients with 
the disorder. 5 Nakamura et al studied Japanese patients with 
normal wrists and those with Kienbôck disease and found no 
significant différence in ulnar variance between the 2 groups 
when corrected for gender and âge. 6 

A cadaveric study published in 1980 by Gelberman 
et al identified 3 distinct patterns of the lunates intraosseous 
blood supply. 7 These anatomie variations led the authors to 
conclude that Kienbôck disease may be the resuit of com¬ 
pression fractures due to repeated trauma to poorly vascu- 
larized lunates. One criticism of this conclusion, however, is 
that none of the lunates showed signs of avascular necrosis; 
therefore, lunates with Kienbôck disease could possibly hâve 
a fourth as yet unspecified vascular pattern. 

In another study, Schiltenwolf et al measured the intraos¬ 
seous pressure in 12 normal lunates and 12 lunates with 
Kienbôck disease and found increased pressures in the 
necrotic lunates. 8 Based on these results, they hypothesized 
that impaired venous congestion with subséquent restriction 
of arterial flow is a risk factor for the development of osteo- 
necrosis. However, it is impossible to know if these increased 
pressures were the cause of Kienbôck disease or were merely 
a resuit of the inhérent changes in the lunate subséquent to 
its onset. 

Scattered case reports also exist of Kienbôck disease in 
association with other systemic conditions such as sep- 
tic emboli, sickle cell disease, hepatitis C, and goût. 9 There 
are also reports of familial occurrence that may indicate a 
genetic prédisposition or heritable component of the dis¬ 
order. The variety of théories on the etiology of Kienbôck 
disease demonstrates that its pathogenesis is not yet fully 
understood. In fact, the etiology is likely multifactorial with 
several anatomie, environmental, and/or genetic prédisposi¬ 
tions that make certain lunates susceptible to injury, which 
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TABLE 15-1: Stages of Kienbôck Disease 


Radiographie Findings 

Stage I 

Normal radiographs 

Decreased MRI signal on Tl; increased/decreased on T2 

Stage II 

Increased lunate density 

Normal wrist architecture 

Stage III 

Lunate collapse 

IIIA 

Carpal alignment maintained; radioscaphoid angle <60° 

IIIB 

Fixed scaphoid rotation (“ring sign”); radioscaphoid 
angle >60° 

Stage IV 

Lunate collapse 

Degenerative change in radiocarpal, midcarpal, and/ 
or STT joints 


may act as the catalyst for development of AVN. The pro¬ 
gression of Kienbôck disease may then occur gradually due 
to minor, repeated trauma or may develop rapidly foliowing 
a single major traumatic event. The rôle of osteoclastic régu¬ 
lation of bone résorption is also being studied as a factor in 
the rate and severity of lunate collapse. 10 

CLASSIFICATION 

The classification System described by Lichtman et al in 
1977 was originally designed for the purposes of research. 3 
Without a standardized System to categorize the severity of 
disease, comparing the results of treatment modalities was 
challenging. Today, the System is also used as a treatment 
algorithm for patients with Kienbôck disease. 

Current Staging of Kienbôck Disease 

Plain radiographs are normal in Stage I, and there is no 
evidence of sclerosis or lunate collapse. The remainder of 
the carpus is also unaffected. On MRI the lunate shows low 
signal on Tl-weighted images, and on the T2-weighted 
images the signal may be decreased or increased depend- 
ing on whether bone edema is présent or revascularization 
is occurring (Fig. 15-1). Clinically, patients in Stage I présent 
with symptoms similar to wrist sprains. Typically there is 
intermittent dorsal wrist pain, exacerbated by wrist exten¬ 
sion and axial loading. 

In Stage II, radiographs ofthe wrist reveal increased lunate 
density, but carpal architecture is maintained (Fig. 15-2). 
The lunate may hâve 1 or more fracture lines présent at this 
stage. Patients with Stage II Kienbôck disease typically hâve a 
clinical présentation of synovitis with persistent pain during 
the day and even at night. The Tl MRI findings are similar to 
those in Stage I; however, T2 sequences may nowshowlarger 
areas of decreased signal, indicating sclerosis. 

Stage III Kienbôck disease was originally described as 
lunate collapse with disruption of the carpal alignment 
on plain radiographs. It was modified in 1990 to include 



FIGURE 15-1 MRI of a patient with Stage I disease showing ( A) 
decreased signal on the Tl image and (B) increased uptake on the T2 
image. 



FIGURE 15-2 In Stage II disease, the lunate shows increased density 
on radiographs. 
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Stages IIIA and IIIB. 11 Both subdivisions of Stage III involve 
lunate collapse. In Stage IIIA there is maintenance of carpal 
alignment, but in Stage IIIB the scaphoid is fixed in a hyper- 
flexed position, demonstrated by a “ring sign” on radio- 
graphs. In addition, the capitate migrâtes proximally. The 
radioscaphoid angle can be measured to distinguish between 
Stages IIIA and IIIB; an angle of less than 60° is consistent 
with Stage IIIA and one greater than 60° defines Stage IIIB. 
Goldfarb et al showed that the use of the radioscaphoid angle 
to distinguish between Stages IIIA and IIIB increases the 
interobserver reliability of the System. 12 Clinically, patients 
in Stage IIIA demonstrate progressive wrist pain and stiff- 
ness, whereas patients in Stage IIIB often develop signs of 
mechanical wrist instability. This instability is a resuit of the 
overall inflammatory wrist synovitis with subséquent loss of 
ligamentous support to the necrotic lunate. 

Stage IV Kienbôck disease is defined by lunate collapse 
and secondary degenerative changes in the radiocarpal, 
scaphotrapeziotrapezoid (STT), and/or midcarpal joints 
(Fig. 15-3). We believe the pathogenesis of these radio¬ 
graphie findings is chronic mechanical instability and 
synovitis, similar to scaphoid nonunion advanced collapse 
(SNAC) or scapholunate advanced collapse (SLAC) wrists, 
prompting us to refer to this condition as Kienbôck disease 
advanced collapse (KDAC). The clinical picture in Stage IV 
is that of degenerative arthritis of the wrist with intermittent 
swelling, pain, and limited range of motion. 

Further categorizing the stages using newer diagnostic 
modalities may help to more precisely select the best treat- 
ment for individual patients. In addition to changes in bone 
morphology, as characterized by the current classification 
System, there is clearly a need to account for changes in the 



FIGURE 15-3 Stage IV disease. 


cartilage surfaces of the wrist bones as well as the vascu- 
lar status of the lunate. In 2006, Bain and Begg described a 
classification System and treatment algorithm for Kienbôck 
disease based on arthroscopic findings of the affected joint 
surfaces (Fig. 15-4). 13 The classification System is based on 
the number of degenerative articular surfaces seen during 
wrist arthroscopy. Combined with the radiographie evidence, 
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FIGURE 15-4 The arthroscopic classification System of Kienbôck disease. (From Bain and Begg. 13 ) 
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TABLE 15-2: MRI-Based Classification of 

Kienbôck Disease 

Stage 

Contrast-enhanced Tl Images 

Interprétation 

A 

Homogenous enhancement in 
proximal lunate 

Edema; perfusion intact 

B 

Inhomogenous enhancement in 
proximal lunate 

Partial osteonecrosis 

C 

No contrast enhancement in the 

Complété osteonecrosis; 


proximal lunate 

poor prognosis 


this information may assist the surgeon in selecting the most 
appropriate treatment option. Although potentially useful, 
it is important to recognize that arthroscopic images tend 
to magnify small anatomie changes and that the clinical sig- 
nificance of cartilage changes in Kienbôck disease has yet to 
be determined. Based on this classification the authors hâve 
proposed an algorithm for treatment. In Grade 0, ail articu- 
lar surfaces are normal; hence, an extra-articular unload- 
ing procedure may be indicated. In Grade 1, where there is 
1 nonfunctional proximal lunate surface, a proximal row car- 
pectomy (PRC), radioscapholunate fusion or lunate excision, 
and scaphocapitate (SC) fusion can be performed. In Grade 2, 
the proximal and distal lunate surfaces are nonfunctional, 
which requires a PRC or SC fusion (with lunate excision). 
Grades 3 and 4 require total wrist fusion or arthroplasty. 

In 2007, Schmitt and Lanz described a classification Sys¬ 
tem of Kienbôck disease based on changes seen on gado- 
linium-enhanced MRI images (Table 15-2). 14 These images 
provide information on the vascularity of the lunate and, by 
inference, its healing potential. By combining this informa¬ 
tion with the degree of osseous collapse, carpal instability, 
and cartilage surface changes, a more nuanced classification 
could be created to assist in the development of a compré¬ 
hensive treatment guide or algorithm. 

There is also s orne rationale for the inclusion of a stage that 
précédés Stage I of Kienbôck disease. A proposed “Stage 0” 
would include patients with intermittent wrist pain, normal 
radiographs, and a normal MRI. The concept of a Stage 0 
Kienbôck disease is analogous to the preclinical Stage 0 of 
the Ficat classification of AVN of the hip. One way to identify 
these patients would be to perform a contrast-enhanced MRI 
immediately after répétitive axial loading of the wrist, similar 
in concept to performing an EKG while running on a tread- 
mill during a cardiac stress test. In a Stage 0 patient, we would 
expect to see increased signal in the lunate on this “wrist 
stress test.” As we learn more about the etiology and natural 
history of Kienbôck disease, this stage may be an idéal point 
to intervene and arrest the progression of the disorder. 

TREATMENT 

Over the years, a variety of procedures hâve been per¬ 
formed for Kienbôck disease. These procedures, some of 
which are no longer performed, can be broadly categorized 


as immobilization, direct lunate revascularization, indirect 
revascularization/lunate unloading, lunate excision with or 
without replacement, and salvage procedures (Table 15-3). 
Despite the large volume of work that has been done, the 
appropriate treatment choices for patients with Kienbôck 
disease remain a matter of debate. Innés and Strauch per¬ 
formed a rétrospective systematic review of 37 uncontrolled 
studies with a minimum 1-year foliow-up on the treatment of 
Kienbôck disease from 1998 to 2008. 25 They concluded that 
there was no active treatment that was superior in the treat¬ 
ment of Kienbôck disease and that there were insufficient 
data to détermine whether the outcomes of any intervention 
were superior to placebo or the natural history of the disease. 

Our Recommended Treatment Protocol 

For the past 30 years wehave linked the treatment of Kienbôck 
disease with the staging System described above (Table 15-4). 
For patients with Stage I disease, we usually suggest a trial of 
immobilization for 3 months. This is accomplished by cast 
immobilization or, rarely, by external fixation. MRI is used 
to assess the results of treatment, with increased signal on 
T2-weighted images indicating attempts at revascularization 
and a positive prognosis. Immobilization is often successful 
in young adults and children. Due to a better prognosis, 26 we 
sometimes refer to this group as having “Teenbock disease.” 

In Stage II and IIIA Kienbôck disease, the treatment is 
aimed at direct or indirect revascularization of the lunate. 


TABLE 15-3: Treatment Categories for 

Kienbôck Disease 

Immobilization 

Cast immobilization 

External fixation 15 

Temporary STT pinning 16 

Direct revascularization 

Vascularized pisiform 17 

Fourth and fifth extensor compartment 
artery distal radius transfer 18 
Vascularized segment of distal radius 
and pronator quadratus 19 

Second dorsal metacarpal artery 
transfer 20 

Indirect revascularization 

Radial shortening osteotomy 

(lunate unloading) 

Ulnar lengthening osteotomy 

Radial wedge osteotomy 21 

Capitate shortening osteotomy 22 

STT fusion 

Scaphocapitate fusion 

Lunate excision 

Excision without replacement 

(± replacement) 

Silicone replacement 3 

Titanium replacement 

Tendon interposition 23 

Pisiform transfer 

Salvage 

Proximal row carpectomy 24 

Total joint arthroplasty 

Partial wrist fusion 

Total wrist fusion 
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TABLE 15-4: Recommended Treatment of 

Kienbôck Disease 

Stage I 

Stages II and IIIA 

Immobilization; cast or external fixation 

Ulnar négative 

Joint unloading; radial shortening 

Ulnar positive/neutral 

Capitate shortening with or without 
direct revascularization 

Stage IIIB 

Limited intercarpal arthrodesis or 
proximal row carpectomy 

Stage IV 

Proximal row carpectomy or wrist 
arthrodesis 


Direct revascularization options include a vascularized pisi- 
form transfer, vascularized transfer of a segment of the distal 
radius, or a transfer of branches of 1 of the dorsal metacarpal 
arteries. Indirect revascularization involves relieving the pres¬ 
sure on the lunate with procedures such as radial shortening, 
ulnar lengthening, or capitate shortening ostéotomies. The 
goal of indirect revascularization is élimination of the source 
of répétitive trauma so that the lunate can regenerate its own 
blood supply. If the patient has an ulnar négative wrist, we 
usually recommend a joint leveling procedure such as radial 
shortening to unload the lunate. In ulnar neutral or ulnar 
positive patients, however, we perform a capitate shortening 
with or without a direct lunate revascularization procedure. 
In general, we prefer indirect revascularization procedures 
for Stages II and IIIA. Another option for Stages II and IIIA 
is core décompression of the distal radial metaphysis in an 
attempt to stimulate revascularization of the lunate. 27 

Once the patient has progressed to Stage IIIB, ulnar vari¬ 
ance becomes less of a factor as the treatment now must 
address the carpal instability. At this stage, we recommend 
either limited intercarpal arthrodesis or a PRC. The purpose 
of these treatments is to address the symptoms of mechani- 
cal instability and/or slow the progression of arthritis in 
the radiocarpal and midcarpal joints (KDAC). Intercarpal 
fusions, either STT or SC, can be performed with or with¬ 
out excision of the lunate. The goal is to restore the scaph- 
oid to a neutral position of 45° of flexion relative to the long 
axis of the radius. In addition, if it is determined that the 
necrotic lunate is contributing to overall synovitis, it should 
be excised as part of the procedure. 

In Stage IV Kienbôck disease, we consider salvage pro¬ 
cedures for pain relief in patients with significant degenera- 
tive changes of the wrist. Salvage treatment options include 
PRC or wrist arthrodesis when the degenerative changes are 
extensive. 

TYPES OF PROCEDURES 

Vascularized Bone Graft 

In the older literature, a vascular bundle implantation was 
the preferred method of lunate revascularization. Hori et al 


implanted the dorsal metacarpal vascular pedicle directly 
into the lunate of 9 patients and found evidence for revascu¬ 
larization of the lunate. 28 Tamai et al reported improvement 
in pain and grip strength in 50 of 51 patients after implanta¬ 
tion of a vascular bundle into the lunate. 29 

The pedicled graft most commonly used for Kienbôck 
disease is based on the 4 + 5 extensor compartment artery 
(ECA). The origins of the fourth and fifth ECAs are iden- 
tified at the posterior division of the anterior interosseous 
artery, which is ligated proximal to the origins of these ves- 
sels, and a bone graft based on the fourth ECA is harvested 
from the distal radius approximately 1 cm proximal to the 
radiocarpal joint. This graft provides a large pedicle diam- 
eter and long pedicle length. 

INDICATIONS 

A vascularized bone graft (VBG) is indicated in Stage I and 
II Kienbôck disease. It can also be used in Stage IIIA if the 
collapse is minimal. 

CONTRAINDICATIONS 

A fracture of the lunate precludes this procedure. Smoking is 
a general contraindication to VBG, and it is not indicated in 
patients over 40 years old. 

SURGICAL TECHNIQUE OF THE 4+5 ECA 
VASCULARIZED GRAFT 

A straight skin incision is made over the dorsal wrist from 
the third metacarpal base to the distal forearm. The fifth 
dorsal extensor compartment is exposed and incised and t he 
extensor tendons are retracted radially. The fifth ECA, which 
originates from the dorsal branch of the anterior interosse¬ 
ous artery, is identified. The fourth ECA originates from the 
fifth ECA or anterior interosseous artery and supplies nutri- 
ent branches to the dorsal aspect of the radius within the 
fourth extensor compartment. A bone graft proximal to the 
radiocarpal joint and overlying the fourth ECA including 
the nutrient vessels is outlined. The lunate is then exposed, 
and the necrotic part is removed through a dorsal cortical 
window. The anterior interosseous artery is ligated proximal 
to the fourth and fifth ECAs. The graft is then inset into the 
lunate. Postoperatively, the extremity is immobilized in a 
below-elbow cast for 6 weeks. 

OUTCOMES 

De Smet and colleagues reviewed 8 patients at a mean 
foliow-up of 29 months (range 13-42). 5 The mean range of 
movement was 65% of the unaffected side (range 43%-76%). 
Using the modified Mayo wrist score, there were 3 excellent, 
3 good, and 1 fair resuit. The mean postoperative DASH 
score was 29.8 versus 40.0 preoperatively. 

Moran et al retrospectively reviewed 26 patients who 
underwent the 4 + 5 ECA VBG along with supplémentai 
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external fixation or SC pinning for 6 to 8 weeks, at an average 
follow-up of 31 months. 18 Twenty-six 4 + 5 ECA VBGs were 
performed as treatment for Kienbôck disease. The average 
patient âge was 32 years (range, 13-59). At the time of surgery, 
12 patients were graded as Stage II, 10 as IIIA, and 4 as IIIB. 
The mean follow-up time was 31 months. Twenty patients 
showed no radiographie progression of disease or collapse 
after surgery. Two patients progressed from Stage II to IIIA, 
1 progressed from Stage II to IV, 1 progressed from Stage 
IIIA to IIIB, 1 progressed from Stage IIIA to IV, and 1 pro¬ 
gressed from Stage IIIB to IV. The average Mayo wrist score 
was 77 (range, 35-100). According to the Mayo wrist scores 6 
patients had an excellent resuit, 6 had a good resuit, 9 had a 
fair resuit, and 3 had a poor resuit. Satisfactory results were 
seen in 22 patients, based on the Lichtman scoring System. 

Vascularized Pisiform Graft 

INDICATIONS 

This technique is indicated in Stage IIIA and IIIB Kienbôck 
disease. 

CONTRAINDICATIONS 

This procedure should not be performed in Stage I when the 
lunate may be salvaged by direct or indirect revasculariza- 
tion. It is contraindicated in Stage IV, when there is complété 
lunate collapse associated with radiocarpal and midcarpal 
osteoarthritis. 

SURGICAL TECHNIQUE 

The procedure follows Saffar’s original description. 30 A lon¬ 
gitudinal incision is made parallel to the FCU tendon at the 
anteromedial aspect of the forearm, beginning 4 cm proximal 
to the distal wrist crease. At the level of distal wrist crease, it is 
curved radially and continued distally for 2 cm into the palm. 
The FCU tendon is retracted. A vessel loop is placed around 
the ulnar nerve that is protected throughout the procedure. 
The cubitodorsal artery and venae comitante are dissected 
distally up to the pisiform, ligating any horizontal branches. 
The pisiform is then detached from the triquetrum by divid- 
ing the capsule, taking care to preserve the periosseous arterial 
circle coming from the cubitodorsal artery. The pisiunciform 
ligament underneath the ulnar nerve is preserved and har- 
vested with the pisiform. The FCU tendon is detached from 
the pisiform along with the tissue covering this bone and 
sutured to the capsule of the triquetrum or abductor digiti 
minimi tendon. Alternatively, it may be transferred attached 
to the pisiform. The flexor tendons are retracted radially to 
expose the palmar wrist capsule and the palmar aspect of 
the lunate is exposed. The articular surface of the proximal 
lunate is usually depressed or fragmented. The cartilage is 
elevated from the lunate and sutured to the scapholunate 
ligament that is sectioned near its attachment to the lunate. 
The lunotriquetral ligament is divided and the lunate is then 


removed in a piecemeal fashion, preserving the posterior wall 
to prevent dorsal dislocation of the transferred pisiform. The 
pedicled pisiform is passed under the FCU tendon and the 
ulnar nerve, taking care not to twist the pedicle and trans¬ 
ferred to the lunate fossa. The pedicled pisiform is rotated 
90° so that the triquetral facet faces the proximal surface of 
the capitate. Two K-wires are prepositioned to stabilize the 
pisiform. The first is placed through the triquetrum until it 
is just visible in the lunate cavity; the second one pénétrâtes 
the radial aspect of the distal radius at the apex of the ana¬ 
tomie snuffbox, 2 cm proximal to the tip of the radial styloid, 
avoiding the tendons and the superficial nerves. It is angled 
in the direction of the lunate fossa until it is seen penetrating 
the lunate fossa. The K-wires are then advanced to stabilize 
the pisiform after the transposition. Two sutures are passed 
through the remaining scapholunate ligament and the pisi¬ 
unciform ligament. A limited closure of the capsule is per¬ 
formed without compressing the pedicle. A plaster splint is 
applied for 3 days followed by a forearm cast for 3 weeks. 
A soft splint is then substituted, followed by protected wrist 
motion. The K-wires are removed at 6 weeks. 

Daecke et al modified this procedure by leaving the 
lunate in situ and inserting the vascularized pisiform into 
a hollowed-out defect in the lunate. 17 The pisiform is freed 
from the muscular attachment and the flexor carpi ulnaris. 
The short blood vessels from the ulnar artery, passing dor- 
sally and volarly across the ulnar nerve to the radial side of 
the pisiform, are preserved. The dorsal branch to the ulnar 
side of the pisiform is identifled and preserved after incis- 
ing the pisotriquetral capsule. With the proximal attachment 
still preserved, the articular cartilage and the cortical bone of 
the pisiform are abraded, preserving the vascular bundle on 
the ulnar side. Finally, the proximal pisotriquetral ligaments 
are eut and the vascular pedicle is dissected from distal to 
proximal including the surrounding soft-tissue bundle with¬ 
out separating the blood vessel from it. 

COMBINED PROCEDURES 

If there is a signifleant discrepancy of the distal radius and 
ulna, a radial shortening osteotomy can be performed along 
with the direct revascularization. In Stage IIIB, when the 
radioscaphoid angle is greater than 60°, an STT fusion or SC 
fusion can be added to unload the joint. 

OUTCOMES 

Saffar described his expérience with 51 cases in Stages IIIA 
and IIIB with a maximum follow-up of 15 years. There was 
an improvement in the pain level by 3 grades. The average 
flexion-extension improved by 35°, radial and ulnar dévia¬ 
tion improved by 14°, and strength improved by 10%. 31 

Daecke étal reviewed 23 patients at an average of 12 years 
who underwent a vascularized pisiform transposition to a 
cored-out lunate for Stages II and III. 17 The pain improved in 
20 patients. Patients with négative ulnar variance underwent 
an additional radial shortening. The wrist motion increased 
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signifïcantly, and the grip strength averaged 84% of the con¬ 
tralatéral hand. The mean DASH score was 15.3 ± 17.9. Out 
of 20 patients with preoperative x-rays the radiographie 
stage was unchanged in 11, improved in 3, and progressed in 
6 patients. Osteoarthritis was found in 7 of 22 patients. 

In another study, 18 patients with Kienbôck disease 
Stage II were treated with transposition of a pedicled pisiform. 
In 8 cases of négative ulnar variance, a radius shortening oste- 
otomy was performed. There was an average follow-up of 
30 months. Seventeen patients had less pain. Fourteen patients 
showed an improved range of motion of 30°. Magnetic réso¬ 
nance imaging showed perfusion of the pisiform in 16 cases. 32 

Leveling Procedures of the DRUJ: Radial 
Shortening Osteotomy 

INDICATIONS 

Radial shortening osteotomy is more commonly performed 
than ulnar lengthening. This procedure is indicated in 
Stage II and IIIA wrists with a significant négative ulnar vari¬ 
ance. Caution should be exercised if there is a protruding lip 
of the radius into the proximal DRUJ. 

CONTRAINDICATIONS 

Ulnar positive wrist or potential DRUJ impingement is a con- 
traindication to radial shortening (Fig. 15-5A-D). Stage IIIB 


is a relative contraindication, whereas Stage IV should not be 
treated with this technique. Smoking is a relative contraindi¬ 
cation to ail ostéotomies. 

SURGICAL APPROACH 

The distal third of the radius is exposed through a stan¬ 
dard volar approach. A 6-hole dynamic compression plate 
or a volar locking plate is applied on the volar surface. The 
bone is marked to détermine the level of the osteotomy and 
the correct rotation of the radius. The osteotomy is per¬ 
formed removing 2- to 3-mm section of bone and the plate is 
attached with screws (Fig. 15-6A-D). The patients are started 
on early wrist motion postoperatively. 

OUTCOMES 

Weiss et al performed a radial osteotomy in 29 patients 
(30 wrists). 33 They noted that most of the patients did not 
progress from Stage III to IV. The wrist motion averaged 32% 
of extension and 27% of flexion compared with the unin- 
jured side, and grip strength averaged 49% of the uninvolved 
side. Quenzer and coworkers reviewed 68 patients at a mean 
follow-up of 52 months. The pain improved in 93% and grip 
strength improved in 76%, but motion was limited to 60% 
to 65% of the uninvolved side. 34 Similarly, Wada et al found 
that there was radiographie progression in 8/13 patients at 
the 10-year follow-up after a closing wedge osteotomy. 35 
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FIGURE 15-5 ( Continued ) C. Radial shortening procedure done by referring physician. Note the ulnar positive variance. D. Closing wedge osteotomy 
of ulnar head restores ulnar neutral variance. (Copyright David J. Slutsky, MD.) 



FIGURE 15-6 Radial shortening. A. A 30-year-old male with Stage II Kienbôck disease. Note the ulna minus 2 mm variance. B. MRI confirais 
hypoperfusion of entire lunate on Tl-weighted image. 
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FIGURE 15-6 ( Continued ) C. Radial shortening and dorsal dynamic compression plate. D. Two-year foliow-up demonstrates further collapse of 
lunate. (Copyright David J. Slutsky, MD.) 


Some authors believe it is the change in blood supply that 
results in the clinical improvement rather than the shorten¬ 
ing per se. Blanco and Blanco foliowed 11 patients aged 18 to 
42 years, with Kienbôck disease with a distal radius osteot- 
omy and plate fixation without modifying the radial length 
or inclination. 36 According to the radiographie classifica¬ 
tion, 3 patients were Stage II, 5 were Stage IIIA, and 3 were 
Stage IIIB. One patient was ulnar positive; otherwise, there 
was an average négative ulnar variance of 1.8 mm (range, 
1.5-3 mm). At a minimum 10-year follow-up, 6 patients 
reported no pain, 3 reported mild pain, and 2 reported mod- 
erate pain. Active wrist motion increased approximately 
30%. Grip strength improved 65% to 80% compared with 
the nondominant side. Radiographically, the lunate showed 
some sclerosis in 3 cases and fragmentation in 2. No patient 
developed evidence of osteoarthritis at the radiocarpal joint 
at the final follow-up. The radiographie stage détériorated in 
1 patient. The average carpal height ratio did not change. The 
ulnar variance and the radioulnar joint showed no change. 

Salvage Procedures 

Both limited wrist arthrodesis with scaphotrapezial trap- 
ezoid fusion and SC fusion are options for Stage IIIB. PRC 
is another option for advanced stages of Kienbôck disease. 37 


SURGICAL TECHNIQUE: SCAPHOCAPITATE FUSION 

The branches of the radial sensory nerve are identified and 
protected. The distal termination of the posterior interos- 
seous nerve can be excised at the surgeons discrétion. The 
radiocarpal and inter carpal articular cartilage surfaces are 
carefully inspected for significant arthrosis. The status of the 
lunate is evaluated in Kienbôck disease and is left in place if 
the cartilage shell is intact (Fig. 15-7); otherwise i t is excised. 
The adjacent articular surfaces of the scaphoid and capitate 
are removed. The idéal radioscaphoid angle is between 30 ° 
and 57° based on a cadaver study and the SC joint is stabi- 
lized with 2 guidewires. Cancellous bone graft is t hen packed 
into the SC interval. There are several options for final fixa¬ 
tion including Kirschner wires, screws, Staples, or even small 
plates (Fig. 15-8A-C). Occasionally a radial styloidectomy 
may be performed in situations of radial styloid impinge- 
ment. Prior to wound closure, final radiographs are obtained 
to evaluate hardware placement, the radioscaphoid angle, and 
alignment of the fusion. The wrist is immobilized in a splint 
with slight wrist extension for about 6 weeks after operation. 

OUTCOMES 

Sennwald and Ufenast performed a SC arthrodesis in 
11 patients with Kienbôck disease with a médian âge of 
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FIGURE 15-7 Scaphocapitate fusion with rétention of the lunate. 
(Copyright Da^dd J. Slutsky, MD.) 


26 years. 38 Ten patients had Grade III and 1 had Grade II 
disease by the Lichtman classification. The lunate was left in 
situ and a SC arthrodesis was performed with 2 lag screws 
and corticocancellous bone graft. At an average follow-up of 
36 months 10 patients had complété pain relief and 1 had 
persistent pain. The average loss of the flexion/extension arc 
was 52%. 

INDICATIONS FOR PROXIMAL ROW 
CARPECTOMY 

A PRC is indicated for patients with Stage IIIB and IV disease 
with reasonable préservation of the cartilage on the capitate 
head and lunate fossa of the radius. 

CONTRAINDICATIONS 

These include severe damage to the cartilage in the lunate 
fossa, ulnar translocation of the wrist, a damaged capi¬ 
tate head, or a previous intercarpal arthrodesis. Caution 
should be exercised when the radial styloid has been excised 
along with attachment of the stabilizing volar radiocarpal 
ligaments. 

SURGICAL TECHNIQUE 

A transverse or longitudinal dorsal incision is made. The 
dorsal retinaculum is opened over the third compartment, 
and a Mayo ligament-sparing capsulotomy or longitudinal 





FIGURE 15-8 Scaphocapitate fusion with lunate excision. A. Stage 
IIIB Kienbôck disease. B. Note the DISI deformity. C. Successful scaph¬ 
ocapitate fusion with a circular plate combined with 1 unate excision, 
but note the scapholunate narrowing. (Copyright David J. Slutsky, MD.) 
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capsulotomy is performed to expose the carpus. A K-wire 
can be used to manipulate the carpal bones, which can be 
removed intact starting with the lunate, or each bone can be 
osteotomized and morselized, and then removed piecemeal. 
The capitate is seated in the lunate fossa and the wrist sta- 
bility is assessed. The capsule and retinaculum are anatomi- 
cally repaired. If the capitate is unstable, it can be held with 
temporary K-wire fixation, but there is a risk of pin-tract 
infection. If there is styloid carpal impingement with radial 
déviation, then 1 cm or less of radial styloid can be excised 
through the same incision. The wrist is immobilized in a cast 
for 4 weeks followed by wrist motion exercises. 

OUTCOMES 

Jebson et al reported results in 18 patients who were evalu- 
ated at an average foliow-up of 13.1 years after PRC (range, 
10.0-17.2 years). 39 The average wrist range of motion was 
63% and the average maximal grip strength was 83% of 
the opposite extremity. Seventeen patients were satisfied 
with their outcome. One patient complained of persistent 
pain and was not satisfied but did not want further surgery. 
Follow-up radiographs showed flattening of the proximal 
capitate in 6 patients. Radiocapitate arthrosis was absent or 
minimal in 13 patients and moderate to severe in 4 patients. 
The presence of radiographie changes did not correlate with 
patient satisfaction or degree of wrist pain. DiDonna et al 
reviewed 22 patients at a mean of 14 years. 40 The mean range 
of motion values were 36° flexion, 36° extension, 9° radial 


déviation, and 31° ulnar déviation. The average grip strength 
was 91% of the contralatéral hand. Half of the patients 
reported mild-to-moderate pain with activity, but ail of these 
patients were satisfied with the procedure. Eighty-seven 
percent of patients had radiographie evidence of arthritis 
between the head of the capitate and the radius, but neither 
the presence nor the degree of arthritis correlated with clini- 
cal outcome. Four patients were dissatisfied with the proce¬ 
dure and elected to proceed with wrist arthrodesis. Lumsden 
et al recently reviewed 17 patients with Stage IILA and IIIB 
with a minimum 15-year follow-up. 41 Using the Glickel and 
Milender scale there were 5 excellent, 7 good, 1 fair, and no 
poor results. Total arc of motion averaged 73% of the unin- 
volved side. Grip strength averaged 92% of the uninvolved 
side. Compared with preoperative values, range of motion 
improved an average of 16% and grip strength improved an 
average of 129%. Radiographically 2 patients demonstrated 
no degenerative changes, 5 showed minimal changes, 3 had 
moderate changes, and 1 patient demonstrated severe degen- 
eration. However, these radiographie findings did not cor¬ 
relate with clinical outcome or time since surgery. 

Other Procedures 

Afshar treated 9 patients with Stages II and IILA with ulnar 
neutral or ulnar positive wrists with capitate shortening and 
reported MRI evidence of partial revascularization at a mean 
of 4.7 months postoperatively (Fig. 15-9A-C). 42 Illarramendi 



FIGURE 15-9 Capitate shortening. A. Kienbôck disease Stage II, the ulnar positive variance (arrow) precludes a radial shortening. B. Capitate 
shortening osteotomy and capitohamate fusion. 
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et al reported their results using a core décompression of the 
distal radius and ulna in 22 patients aged 18 to 64 years with 
Stage I to IIIA disease (Fig. 15-10A and B). 27 A small corti¬ 
cal window was created in the distal radius and ulna, and 
the metaphysis was decompressed using small curettes. At a 


mean follow-up of 10 years, 16 patients were pain free, 4 had 
occasional pain, and 1 had moderate pain. Radiographically 
17/22 had the same radiographie stage, whereas 5 progressed. 
The average wrist extension was 59° (range, 32°-80°) and the 
average wrist flexion was 57° (range, 30°-80°). The average 
grip strength was 75% (range, 37%-l 12%) compared with the 
contralatéral side. Wrist denervation and the Graner opera¬ 
tion hâve also been used, but there are no large reported sériés. 


CONCLUSION 

In summary, many procedures hâve been utilized for the 
treatment of Kienbôck disease, and the success of the vari- 
ous procedures can be difficult to distinguish. In the future, 
we need to be more précisé in selecting the proper proce¬ 
dure for each patient. As our knowledge of the various fac¬ 
tors that affect the natural history and treatment outcomes of 
Kienbôck disease increases, it is logical that a more compré¬ 
hensive classification System incorporating the radiographie, 
cartilaginous, and vascular changes (“the triple threat”) will 
be developed to guide treatment sélection. This compréhen¬ 
sive guide could, in certain cases, change the recommended 
treatment when compared with that based solely on the 
radiographie classification. For example, if a patient with 
radiographie Stage II Kienbôck disease has Stage 0 changes 
in the cartilage and Stage B changes in the vascularity, a 
radial shortening procedure might be an appropriate treat¬ 
ment. In contrast, if the same Stage II patient had Stage 4 
cartilage and Stage C vascularity, then a radiocarpal arthrod- 
esis might be a better option. Ail of the available information 
could then be used to guide treatment (Table 15-5). We hâve 
recently passed the centennial anniversary of Kienbôck dis¬ 
ease. Unfortunately, our clinical knowledge has notkeptpace 




FIGURE 15-10 A. Removal of dorsal cortexf rom distal radius. B. Core décompression of radius and ulna (arrows). (Copyright David J . Slutsky, MD.) 
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TABLE 15-5: Integrated Kienbôck Disease 
Classification System 


Radiographie 

Cartilaginous 

Vascular 

0 

0 

A 

I 

0,1 

A, B, or C 

II 

0, 1,2 

A, B, or C 

IILA or IIIB 

3,4 

A, B, or C 

IV 

4 

C 


with the passage of time. There is reason to believe, however, 
that further research and new technology may assist our 
understanding of this disease in the future. The key to bet- 
ter patient care will be to apply this research to translational 
studies that test the long-term outcomes of treatment and t he 
natural history of the disorder. This task will only be accom- 
plished with multicenter trials facilitated by international 
communication and coopération. 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

Avascular necrosis (AVN) of the scaphoid is a rare, potentially 
debilitating condition. First described by Preiser in 1910 in 
patients with a history of wrist trauma, idiopathic AVN of the 
scaphoid is now commonly referred to as Preiser disease. 1 It 
is differentiated from the more common posttraumatic AVN 
of the proximal pôle that results from disruption of the blood 
supply by a fracture or nonunion. 

Patients generally présent with radial-sided or dorsal 
wrist pain, loss of motion, and weakness secondary to pain. 
There may or may not be a history of trauma or répétitive 
strain, but the onset tends to be insidious. Tenderness to pal¬ 
pation is often localized to the anatomie snuffbox, although 
more generalized synovitis, swelling, and wrist irritability are 
possible. 

The etiology of Preiser disease remains uncertain. Several 
risk factors hâve been implicated in the development of 
idiopathic osteonecrosis including high-dose systemic cor- 
ticosteroid therapy, 2-4 chemotherapy, 5,6 systemic lupus, 4,7,8 
progressive systemic sclerosis, 9 excessive alcohol intake, 10,11 
congénital scaphoid hypoplasia, 12,13 and répétitive trauma. 11 
Multiple factors seem to likely ultimately contribute to the 
development of the disease. 11 While the exact etiology and 
risk factors may not be clear, the end resuit is ischémie osteo¬ 
necrosis of the scaphoid. 

Several anatomie and biomechanical features of the 
scaphoid make it susceptible to vascular disruption and 
AVN. The majority of the scaphoid is covered with articu- 
lar cartilage. The primary vascular supply is from the radial 
artery with up to 80% of the intraosseous vascularity aris- 
ing from branches entering the scaphoid through the dorsal 
ridge. 14 The distal 20% to 30% of the scaphoid is supplied by 
vessels entering the tubercle volarly, but there is no signifi- 
cant intraosseous anastomosis between the volar and dorsal 
vessels. The entire proximal pôle is supplied in a rétrogradé 
manner by branches entering dorsally. 14,15 These branches 
pass through a thin intra-articular membrane between the 
capsule and dorsal ridge. 15 


Biomechanical studies hâve demonstrated increased pres¬ 
sure across the dorsal ridge from the extensor carpi radialis 
brevis tendon during wrist flexion. 15 These increased pres¬ 
sures may exceed the intraluminal pressure of the nutrient 
artérioles, thereby compromising blood flow to the scaphoid 
particularly with prolonged or répétitive wrist flexion activi¬ 
tés and loading. Flow through these dorsal vessels may be 
further compromised by increased intra-articular pressure 
with in the wrist caused by effusion, synovitis, or capsular 
thickening. 

Regardless of the spécifie cause ofvascular disruption, lack 
of adéquate blood flow to the bone ultimately leads to scaph¬ 
oid osteonecrosis. Histopathologie évaluation of the bone 
demonstrates empty lacunae and necrotic bone marrow. 16 
Loss of viable bone ultimately leads to structural collapse and 
progressive degenerative arthritis at the radioscaphoid and 
midcarpal joints. 

This progression has been classified by Herbert and 
Lanzetta into 4 stages based on the radiographie appearance 
of the bone (Table 16-1). 17 Stage 1 foliows the initial vascu¬ 
lar insult and is characterized by négative x-rays and a posi¬ 
tive bone scan demonstrating the inflammatory response at 
the scaphoid. MRI is currently used more frequently than 
bone scans and demonstrates diminished marrow signal in 
the scaphoid on Tl- and T2-weighted images (Fig. 16-1). 
Stage 2 demonstrates increased density ofthe proximal pôle 
and generalized osteopenia resulting from increased osteo- 
blast and osteoclast activity. Failure of this reparative phase to 
restore viable, vascularized bone leads to progression of the 
disease. Stage 3 is characterized by fragmentation of the prox¬ 
imal pôle with or without a pathologie fracture resulting from 
the progressive necrosis and loss of architectural strength of 
the bone. Stage 4 represents the end stage of the disease and is 
characterized by carpal collapse and osteoarthritis. 

While traditionally Preiser disease has been described to 
involve the entire scaphoid, Kalainov et al recently evaluated 
the MRI findings of patients with Preiser disease. 16 Two pat¬ 
terns of the disease were identified (Table 16-2). Type 1 is 
characterized by diffuse involvement of the scaphoid with 
MRI signal change throughout the entire scaphoid. Type 2 
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Q TABLE 16-1: Herbert and Lanzetta Classification 17 


Stage 1 Normal x-rays with abnormal bone scan 

(or decreased marrow signal on MRI) 

Stage 2 Increased density in the proximal pôle with 

osteopenia 

Stage 3 Fragmentation of the proximal pôle with or 

^vithout pathologie fracture 

Stage 4 Carpal collapse with osteoarthritis 



FIGURE 16-1 Tl- and T2-weighted magnetic résonance imaging 
demonstrates diminished marrow signal in the scaphoid. 


0) TABLE 16-2: Kalainov Classification 16 


Type 1 Diffuse avascular necrosis of the scaphoid 

Type 2 Localized avascular necrosis of the scaphoid 


is characterized by partial scaphoid involvement averaging 
42% (range 33%-66%) of the scaphoid. Patients in the type 1 
group were more likely to hâve a systemic risk factor such as 
corticosteroid use, while patients in the type 2 group were 
more likely to hâve a history of trauma. Patients in the type 1 
group with avascularity of the entire scaphoid had worse clin- 
ical outcomes following treatment than the patients in the 
type 2 group. 

Treatment strategies, therefore, must take into account 
the stage of the disease and degree of involvement of the 
scaphoid. Given the rare nature of Preiser disease, ail treat¬ 
ment recommendations are based on relatively small, rét¬ 
rospective studies. Nonoperative management includes 
activity modification, immobilization, electrical stimulation, 
anti-inflammatory médications, physiotherapy, and corti¬ 
costeroid injections. 16,18 Results of nonoperative modalities 
are variable with several patients symptoms reportedly sta- 
bilizing or improving. 13,16,18 However, frequently the disease 
continues to progress despite conservative management to 
fragmentation and collapse. 16 

While there may be debate about the best treatment 
of stage 1 or 2 disease, there is general consensus that for 
patients with stage 3 or 4 disease attempts at revasculariza- 
tion of the scaphoid are not warranted. Once the scaphoid 
has fragmented and collapsed and certainly once degenera- 
tive changes are présent, treatment options a re limited to pal¬ 
liative and salvage procedures. 

In patients with stage 3 or 4 disease with symptoms 
refractory to nonoperative management, several surgical 
procedures can be considered. Historically some patients 
were treated with partial or complété scaphoid excision and 
silicone replacement, 17,19 but because of concerns for silicone 
synovitis, implant fracture, progressive arthrosis, and carpal 
collapse, this has fallen out of favor. 20 Simple arthroscopic 
debridement and removal of loose bodies has been reported 
to be successful in improving symptoms and function in a 
case report of a patient with stage 3 Preiser disease. 21 Partial 
wrist denervation with sélective anterior interosseous nerve 
(AIN) and posterior interosseous nerve (PIN) neurec- 
tomy has been shown to provide some relief of wrist pain 
in cases of radiocarpal arthritis. 22 Neurotomy of the articu- 
lar branches from the superficial branch of the radial nerve 
(SBRN) and latéral antebrachial cutaneous (LABC) nerve in 
addition to AIN/PIN neurectomies has also been described 
and may improve pain relief with radial-sided pathology 
such as Preiser disease. 23 Results of partial wrist denerva¬ 
tion for Preiser disease are limited and hâve been variable. 10 
Nonetheless, it is an option for patients in whom a larger 
surgery is medically contraindicated or who are reluctant to 
consider partial or total wrist arthrodesis. 
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FIGURE 16-2 The reverse-flow 1,2 ICSRA vascularized bone graft from the dorsal distal radius. (With permission of Mayo Foundation f or Medical 
Education and Research. Ail rights reserved.) 


Definitive treatment of patients with stage 3 or 4 Preiser 
disease is limited to salvage procedures. Proximal rowcar- 
pectomy (PRC) has been reported with largely satisfac- 
tory results. 10,24 The advantage of this procedure is that it 
is not dépendent on achieving bony union and therefore 
may be advantageous in smokers and others with risk fac¬ 
tors for nonunion. However, it requires an intact lunate 
fossa of the distal radius and capitate head and thus is not 
a good option in patients with more extensive radiocar- 
pal or midcarpal arthritis. Furthermore, there are lim¬ 
ited long-term studies of PRC and given the différence in 
radius of curvature of the capitate head and 1 unate fossa, 
the new articulation is less congruent and may be prone to 
increased wear. 25 

Scaphoid excision and 4-corner fusion has also been 
used in the treatment of advanced Preiser disease. 26 
Although the wrist must be immobilized until bony union 
is achieved, this procedure maintains carpal height and pré¬ 
serves the radiolunate articulation. Long-term outcomes 
are similarly limited but demonstrate largely satisfactory 
results with préservation of approximately 50% of motion 
and 75% grip strength. 27 If patients continue to hâve pain 
despite PRC or limited arthrodesis, total wrist arthrodesis 
is the final resort. 

In stage 1 or 2 Preiser disease, the cartilage shell of the 
scaphoid is intact. Therefore, treatment aims to unload 
the scaphoid or restore vascular supply to the bone to reverse 
the process of osteonecrosis. Closing wedge radial osteot- 
omy 28 and arthroscopic drilling 29 hâve been reported success- 
ful in single case reports. Simple curettage with or without 
nonvascularized bone grafting has been also described for 
Preiser disease. 13,17,30 


However, vascularized bone grafting offers several poten- 
tial advantages o ver the above procedures. Vascularized bone 
grafts restore blood supply to the devascularized bone, pré¬ 
serve viable ostéocytes that accelerates consolidation with¬ 
out the need for creeping substitution, hâve biological and 
mechanical properties superior to nonvascularized grafts, 
and hâve been shown to be superior to nonvascularized 
grafts in treating scaphoid AVN of the proximal pôle associ- 
atedwith nonunion. 31-35 Several pedicled vascularized bone 
grafts from the distal radius hâve been described for treating 
Preiser disease. 36-38 Our preference is the 1,2 intercompart- 
mental supraretinacular (1,2 ICSRA) graft from the distal 
dorsal distal radius 38,39 (Fig. 16-2). 

INDICATIONS 

Use of vascularized bone grafts in the treatment of Preiser 
disease is limited to Herbert stage 1 or 2 disease in which 
the cartilage shell of the scaphoid is intact and in which the 
radioscaphoid and midcarpal joints are without arthritic 
change. If arthritic change is limited to the radial styloid, a 
radial styloidectomy could be performed at the time of vas¬ 
cularized bone grafting. More extensive degenerative c hange 
or collapse of the scaphoid warrants 1 of the palliative or sal¬ 
vage procedures described above. 

Surgical treatment is warranted when patients’ symptoms 
do not résolve with conservative measures. A prolonged trial 
of nonoperative management without improvement in pain 
may lead to progression of the disease resulting in fragmen¬ 
tation of the scaphoid or degenerative change that may pre- 
clude scaphoid preserving options. 
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CONTRAINDICATIONS 

Fragmentation of the scaphoid and arthritic change beyond 
just the radial styloid (Herbert stage 3 or 4 Preiser disease) 
constitute contraindications to vascularized bone grafting 
procedures. The degree of arthritis may not be fully appré¬ 
ciable until intraoperative assessment of the articular carti¬ 
lage. As such, the surgeon should be prepared to convert to 1 
of the palliative or salvage procedures outlined above. 

Additionally, previous dorsal wrist surgery is a relative 
contraindication as the vascular pedicle may hâve been com- 
promised by the prior operation. In that case alternative vas¬ 
cularized grafts such as the pedicleddistal radius graft based 
on the 4 + 5 extracompartmental artery or the free vascu¬ 
larized médial fémoral condyle graft should be considered. 40 
Finally, patients with peripheral vascular disease, smokers, 
and females hâve had higher rates of failure of this graft 
when used for scaphoid nonunions and may similarly be at 
higher risk of failure in the setting of Preiser disease. 

SURGICAL TECHNIQUE 

The procedure is performed with the patient supine with 
the operative extremity on a hand table under régional or 
general anesthésia. The arm is exsanguinated by élévation 
alone prior to tourniquet inflation to facilitate pedicle iden¬ 
tification. A gentle curvilinear incision centered over the 
radioscaphoid joint along the extensor pollicis longus pro¬ 
vides adéquate exposure of the scaphoid and distal radius 
(Fig. 16-3). The branches of the superficial radial nerve are 
identified and protected during superficial dissection. The 
1,2 ICSRA vessel is then identified on the superficial surface 
of the extensor retinaculum between the first and second 
extensor compartments (Fig. 16-4). This can be dissected 
distally to its anastomosis with the radial artery in the ana¬ 
tomie snuffbox. The retinaculum is incised on either side of 
the vessel creating a euff of retinaculum with the pedicle. The 



FIGURE 16-3 The dorsal curvilinear incision along the extensor pol¬ 
licis longus tendon centered over the radioscaphoid joint. 



FIGURE 16-4 The 1,2 ICSRA vessels identified on the superficial sur¬ 
face of the extensor retinaculum between the first and second extensor 
compartments just deep to the branches of the superficial radial nerve. 


pedicle is protected during the exposure and préparation of 
the scaphoid. 

A transverse dorsoradial capsulotomy facilitâtes exposure, 
examination, and préparation of the scaphoid. The integrity 
of the scaphoid cartilage as well as midcarpal and radiocar- 
pal joints is confirmed. A dorsal trough is made in the scaph¬ 
oid with a high-speed burr or osteotomes (Fig. 16-5) and the 
necrotic bone thoroughly debrided with curettes taking care 
not to violate the scaphoid shell of subchondral bone and 
cartilage (Fig. 16-6). 

Once the scaphoid is prepared, the pedicled graft is har- 
vested. A rectangle centered 15 mm proximal to the joint line 
centered over the perforating nutrient vessels is marked out 
on the distal radius. The 1,2 ICSRA vessels are ligated proxi¬ 
mal to the graft harvest site but remain in continuity with the 
radial artery distally creating a reverse-flow pedicled graft 
(Fig. 16-7). The vessels are mobilized from the underlying 
radius and capsule to allow protection during graft harvest 
and rotation toward the scaphoid. The graft is then harvested 



FIGURE 16-5 A trough is made along the dorsal surface of the scaph¬ 
oid to receive the vascularized graft. 






Chapter 16 Preiser Disease 


203 



FIGURE 16-6 The necrotic bone is debrided with a curette through 
the dorsal trough taking care to avoid penetrating the cartilage shell of 
the scaphoid. 


with sharp osteotomes or sagittal saw taking care to protect 
the pedicle and avoid shearing the periosteum and cortex 
from the underlying cancellous bone. An additional eut can 
be made proximal to the graft and angled toward the base of 
the graft to facilitate harvest of the intact graft. Once the graft 
is elevated, additional cancellous graft can be harvested from 



FIGURE 16-7 The 1,2 ICSRA vessels are ligated proximally but remain 
in continuity with the radial artery distallycreating a reverse-flow pedi- 
cledgraftthat can be rotated to the scaphoid. (With permission of Mayo 
Foundation for Medical Education and Research. Ail rights reserved.) 



FIGURE 16-8 The graft is elevated, trimmed to size, and rotated on its 
pedicle toward the dorsal aspect of the scaphoid. 


the distal radius and used to fill the remainder of the scaph¬ 
oid after the graft is inset. The graft is then trimmed to size 
as necessary, rotated, and passed beneath the wrist extensors 
(Fig. 16-8), and press-Fit into the dorsal trough in the scaph¬ 
oid, taking care not to impact or compress the pedicle itself 
while insetting the graft (Fig. 16-9). Temporary K-wires are 
used to prevent graft extrusion. Additionally, scaphocapi- 
tate pins can be used to protect the midcarpal joint during 
the healing process (Fig. 16-10). The capsule is then partially 
closed taking care to avoid any compression or kinking of the 
vascular pedicle. 

After the skin is closed, the wrist is immobilized with 
either an external fixator or sugar-tong thumb spica splint. 
The external fixator offers the theoretical benefit of unload- 
ing the scaphoid thatmayprotect it during the healing phase, 
although this benefit has not been demonstrated clinically. 38 
We more commonly use a sugar-tong splint and then cast to 
immobilize the wrist for 6 to 8 weeks at which time gentle 
range of motion exercises are initiated using a removable 
splint for an additional 4 to 6 weeks. 



FIGURE 16-9 The 1,2 ICSRA graft inset in the dorsal trough of the 
scaphoid. 
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FIGURE 16-10 Temporary K-wires are used to prevent graft extru¬ 
sion and prevent midcarpal motion for approximately 6 weeks 
postoperatively. 


COMPLICATIONS 

In addition to potential complications inhérent in any surgi- 
cal procedure, several are related specifïcally to the use of the 
1,2 ICSRA pedicled bone graft for Preiser disease. As men- 
tioned above, the subchondral bone and cartilage shell of the 
scaphoid can become quite thin in the process of debride- 
ment and perforation with damage to the articular cartilage 
is possible. Additionally, the vascular pedicle can be compro- 
mised at any step from the initial dissection to the élévation 
of the bone graft, to the insetting, to the closure of the cap¬ 
sule. If the pedicle is compromised from prior procedures or 
intraoperatively, the 2,3 ICSRA or the 4 + 5 extracompart- 
mental artery grafts can be used. 

Complications may also be related to the graft itself. 
The periosteum may shear off the cortex or the cortex may 
shear off the cancellous bone during harvest or insetting. 
Additionally, the graft may extrude dorsally if inadequately 
captured with K-wires or after K-wire removal. Finally, com¬ 
plications or suboptimal clinical outcomes with progressive 
scaphoid collapse, degenerative radiocarpal and midcarpal 
arthritis, limited range of motion, and persistent or progres¬ 
sive pain requiring additional salvage procedures are also 
possible. 

OUTCOMES 

The results of patients with Preiser disease treated at our 
institution over a 10-year period with pedicled vascularized 
bone grafts were described by Moran et al. 38 Eight patients 
were foliowed for a mean of 36 months (range 8-72) post¬ 
operatively. Ail patients had preoperative MRI findings con¬ 
sistent with Kalainov type 1 Preiser disease. Postoperatively 
ail patients had MRI evidence of revascularization; how- 
ever, ail had only partial revascularization of the proximal 
pôle. Ail patients reported improved pain postoperatively. 


Wrist motion averaged 55% and grip strength averaged 67% 
of the contralatéral side. The average Mayo wrist score was 
68 (range 45-90). Radiographie radial styloid arthritis was 
présent in 2 patients, dorsal intercalated segment instabil- 
ity (DISI) deformity in 1, and 2 had continued collapse as 
evidenced by narrowing of the scaphoid waist and proximal 
pôle. One patient had persistent pain requiring salvage with 
PRC 8 months postoperatively. 

These results are comparable to other reported sériés. 
Kalainov et al 16 described 9 patients with Preiser disease 
(4 type 1, 5 type 2) who underwent vascularized bone 
grafting. Mayo wrist scores averaged 50 at an average of 
33 months postoperatively. They noted improved outcomes 
in patients with type 2 Preiser disease compared with t hose 
who had global ischémie changes. Three of the 4 with type 2 
progressed to stage 3 or 4 disease. One went on to wrist 
arthrodesis. In de Smet’s report of 22 patients with Preiser 
disease, 12 were treated with PRC with satisfactory results 
in 10. Range of motion averaged 74.8° (range 60-90). Given 
the rarity of the disorder, there are no prospective studies 
comparing revascularization with PRC or limited arthrod¬ 
esis. But the potential to preserve normal wrist anatomy and 
biomechanics makes revascularization procedures such as 
the 1,2 ICSRA graft appealing. Further study is necessary on 
the long-term outcomes of these various treatment options 
in alleviating pain and optimizing function for patients with 
Preiser disease. 
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A normal wrist supports considérable compressive forces 
and shear stresses; yet, it remains stable throughout its 
entire range. To achieve this, a perfect balance between bone 
architecture, capsular-ligamentous constraints, and muscle 
forces around the joint is necessary. 1,2 When that balance is 
disrupted, by fracture, ligament in jury, or tendon rupture, 
instability may appear. 

For a wrist to be considered clinically unstable, it needs 
to hâve a kinetic and/or kinematic dysfunction causing pain 
and weakness. 3 From a kinetic viewpoint, the wrist is unsta¬ 
ble when it is not able to sustain its alignment under physio- 
logical loads. From a kinematic viewpoint, a wrist is unstable 
when it exhibits sudden, unexpected changes in the align¬ 
ment of the carpal bones. In a stable wrist, the carpal bone 
motion is smooth and congruous, with no abrupt shifts in 
alignment. And finally, ffom a clinical point of view, a wrist 
is said to be unstable when it has a kinetic and/or kinematic 
instability, plus symptoms, most often in the form of pain 
and loss of function. 1 

CLASSIFICATION OF CARPAL 
INSTABILITES 

There are 2 main types of instability: dissociative and non- 
dissociative. 4 Dissociative carpal instabilities, known by the 
acronym CID (“carpal instability dissociative”), are sec- 
ondary to a disruption (ligament rupture or bone fracture) 
between bones of the same row. Depending on which row 
is affected, the CID may be proximal or distal. A nondisso- 
ciative “carpal instability” (CIND) applies to radiocarpal or 
midcarpal instability without a disruption of either the prox¬ 
imal or distal carpal rows. When a carpal instability has fea- 
tures of both CID and CIND, the case is classified as a “carpal 
instability complex” (CIC). And finally, when an abnormal 
carpal alignment is secondary to pathology located outside 
ofthe carpus, such as dorsal midcarpal instability that occurs 
secondary to a distal radius malunion that has healed with an 
abnormal dorsal tilt, the condition is referred to as a “carpal 
instability adaptive” (CIA). 


From a radiological point of view, when a carpal instabil¬ 
ity pattern is identified with a standard AP and latéral view, 
the instability is said to be “static.” 4 Conversely, if the car¬ 
pal instability can only be seen under certain loading con¬ 
ditions or in spécifie wrist positions (stress radiographs), 
this is referred to as a “dynamic” instability. A “predynamic” 
instability is an older term coined by Watson et al to apply to 
instability demonstrable on physical examination but not by 
radiographie studies. 5 

Dissociative Instabilities (CID) 

The most common causes of CID are scaphoid nonunion, 
scapholunate (SL) dissociations, and lunotriquetral (LTQ) 
dissociations. 

SCAPHOID NONUNION 

Scaphoid nonunions may be stable or unstable. A nonunion 
is stable when there is no visible interfragmentary mobility 
under thumb traction, when the 2 ends of the fractured bone 
are strongly connected by fibrous tissue. On the contrary, a 
nonunion is unstable when the 2 fragments are disconnected 
and move independently of each other. If the fracture is at 
the waist of the bone, the distal scaphoid fragment tends to 
rotate into flexion and pronation, while the proximal frag¬ 
ment is pulled by the lunate and triquetrum to an abnormal 
extension. This leads to the typical dorsal apex angula¬ 
tion of the scaphoid with loss of carpal height (“humpback 
deformity”). By contrast, if the unstable nonunion is located 
proximal to the waist, the distal fragment tends to slide dor- 
sally over an extended proximal fragment, thus impinging 
the dorsal rim of the radius. 

Treatment of the unstable nonunion consists of: ( 1 ) réduc¬ 
tion of the 2 fragments in order to recover the external dimen¬ 
sions of the bone, (2) insertion of an intercalary bone graft to 
replace the portion of bone that is missing, and (3) bone fixa¬ 
tion with wires or headless screws. A more detailed descrip¬ 
tion of this technique is discussed elsewhere in this book. 
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SCAPHOLUNATE DISSOCIATION 

Complété rupture of the SL-supporting ligaments produces a 
carpal malalignment similar to the one caused by an unstable 
scaphoid nonunion, except that in this case the entire scaph- 
oid is abnormally flexed and pronated, its proximal pôle 
subluxing over the top of the dorsoradial rim of the radius. 
The lunate, once devoid of its latéral constraints, foliows the 
triquetrum into an abnormal extension, supination, and 
ulnar translation. This pattern of displacement is known by 
the acronym DISI (“dorsal intercalated segment instability”), 
and it is characterized by a SL diastasis and radioscaphoid 
and midcarpal joint incongruity 1,6-8 (Fig. 17-1). 

When in front of a symptomatic SL dissociation, aside 
from the âge, etiology, profession, and vocational activities 
of the patient, it is important to collect detailed information 
about the extent and nature of the injury. 9 In this regard, it is 
useful trying to answer the following 5 questions: (1) Is dor¬ 
sal SL ligament still intact? (2) Does the ligament hâve good 
healing potential? (3) Are secondary stabilizers (scaphocapi- 
tate and scaphotrapeziotrapezoid ligaments) still competent? 
(4) Is the malalignment still easily reducible? (5) Is the car¬ 
tilage still normal? By answering these questions in a “yes” 
or “no” format, each case can be allocated into 1 of 6 groups 



FIGURE 17-1 Posterioanterior view of a wrist with a scapholunate 
dissociation. Note the flexed and pronated scaphoid and the increased 
SL joint space. The scaphoid follows the distal row, whereas the lunate 
keeps attached to the triquetrum. 


TABLE 17-1: Clinical Staging of Patients with 
SL Dissociation 0 


Stage 1 : Partial SL ligament tear 

Stage 2: Complété, repairable, SL ligament disruption 

Stage 3: Complété, unrepairable, SL ligament rupture 

Stage 4: Complété SL disruption with carpal collapse, easily reducible 

Stage 5: Irreducible carpal collapse, without cartilage degeneration 

Stage 6: Chronic SL dissociation with osteoarthritis (SLAC wrist) 

“Data from Garcia-Elias et al. s 


or stages indicated in Table 17-1. In theory, each grade has a 
spécifie treatment. In practice, each patient deserves individu- 
alized treatment, taking into considération ail aspects of the 
problem. What follows is a swift review of the most commonly 
used surgical techniques for each stage of SL instability. 

Stage 1: Several surgical options hâve been described for the 
symptomatic partial SL ligament tear; the least morbid, 
most effective method to relieve pain is an arthroscopy 
guided joint synovectomy and debridement. 10 Indeed, in 
most cases, patients discomfort is secondary to exces¬ 
sive SL motion and interposition of ligament remnants 
that cause synovial irritation. If the scaphoid tends to 
sublux dorsoradially, aside from removing the synovium 
arthroscopically, percutaneous fixation of the SL joint 
with Kirschner (K) wires for 6 to 8 weeks is recom- 
mended. 1,6-8 In ail instances, surgery needs to be foliowed 
by a controlled program of rééducation of the SL muscle 
stabilizers (abductor pollicis longus, flexor carpi radialis, 
and flexor carpi ulnaris). 11 

Stage 2 : When there is optimal healing potential, direct r epair 
of a complété SL ligament rupture is idéal. Ligaments can 
be repaired by direct sutures, transosseous sutures, or 
métal anchors. 1,7,8,12 Obviously, the best scénario would be 
the uncommon situation in which the ligament is attached 
to an avulsed bony fragment (Figs. 17-2 to 17-4). In ail 
instances, it is recommended to neutralize the repair with 
K-wires across the joint for a period of at least 6 weeks. 
Undoubtedly, the results published after an acute repair 
of the injured ligaments are better than joint immobiliza- 
tion without ensuring that the 2 ends of the ligament are 
closed enough as to heal spontaneously. 12 
Stage 3: When the dorsal SL ligament has poor healing 
potential, different options are possible. One is to replace 
that ligament with a “bone-ligament-bone” graft (B-L-B) 
obtained from the distal row. 1 Another is to reconstruct 
the missing ligament with a tendon graft, and will be 
detailed later. The first alternative is technically demand- 
ing, with a relatively high index of complications, includ- 
ing nonunion of the graft, stiffness, or récurrence of the 
instability. Adding a dorsal capsulodesis may improve the 
clinical results obtained with B-L-B reconstruction. 13 
Stage 4: Different types of ligament reconstruction using 
tendon grafts hâve been described for the easily reduc¬ 
ible SL dissociation with good cartilage. Most techniques 
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FIGURE 17-2 CT scan of a complété lésion of the SL ligamentous 
complex. In this case the dorsal SL ligament is avulsed from the lunate 
with a bony fragment. 



FIGURE 17-3 Intraoperative view. The optimal healing potential and 
possibility of reattachment of the bony fragment are confirmed. 



FIGURE 17-4 Fragment fixation with a 2.0-mm cancellous screw. By 
this, complété SL lésion is transformed into a partial lésion. Additional 
K-wire stabilization is needed. 


consist of passing strips of tendon through tunnels to 
recreate the missing ligaments. In our hands, the so- 
called 3-ligament tenodesis (3LT) has been consistently 
successful. 9 In this technique, a slip obtained from flexor 
carpi radialis (FCR) tendon is passed obliquely through 
the scaphoid from palmar to dorsal, emerging at the point 
of insertion of the dorsal SL ligament. The slip is then 
fitted in a trough created in the dorsum of the lunate, 
passed through a slit made in the dorsal radiotriquetral 
ligament, looped around, and sutured onto itself in the 
adéquate tension (see detailed description in the section 
“Treatment of Reducible Scapholunate Dissociation With 
Preserved Cartilage”). 

In general, the more anatomie the reconstruction, the 
more acceptable the results. Yet, it is important to note that 
a tendon graft cannot normalize proprioception; only the 
original ligaments contain mechanoreceptors to ensure 
proper neuromuscular control of the unstable wrist. 11 

Another alternative to prevent carpal collapse consists 
of increasing tightness of the capsular segment opposite 
to the direction of collapse: to prevent the scaphoid to 
collapse into flexion, a dorsal capsular tether between 
the radius and the scaphoid has been described by Blatt. 1 
To prevent the scaphoid from rotating into pronation, a 
dorsal intercarpal capsuloplasty has been suggested by 
Szabo. 1 Although effective in the short term, most cap- 
sulodesis tend to deteriorate over time, often allowing the 
carpus to return to its initial malalignment. 

Stage 5: It is important emphasizing t hat soft tissue-stabilizing 
procedures are not indicated if the carpal malalignment 
cannot be easily reduced. If substantial force is needed 
to bring the collapsed bones back into its original align- 
ment, not even the best capsulotenodesis will be strong 
enough to maintain that réduction: loads across the 
carpus are too high. 

The treatment of choice, when carpal collapse is not eas¬ 
ily reducible, is a partial fusion. 14 When carefully planned 
and executed, partial arthrodesis may r eturn stability to the 
carpus without completely losing its global mobility. The 
main requirement for such an intervention is that the artic- 
ular surfaces surrounding the arthrodesis are to be perfectly 
healthy. It is also important to align the joints as anatomi- 
cally as possible, so that the shape and dimensions of the 
bone block are as similar as possible to the initial State. 

One of the most frequently attempted partial 
arthrodesis in SL dissociations has been the SL fusion. 
Theoretically, it should be most effective in SL instability. 
In practice, a SL fusion is very difficult to obtain, given 
the small articular surface between the 2 bones and the 
magnitude of the forces acting on that joint. The compli¬ 
cation rate of this technique is high. Interestingly enough, 
the functional results ofthe cases that failed consolidating 
are consistently better than those that succeeded. Based 
on this, there are authors suggesting temporary transfix- 
ion of the SL joint with 1 or 2 screws in order to create a 
bénéficiai arthrofibrosis. Along this concept, the so-called 
réduction association of the SL joint (RASL procedure) 
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has shown early promising results. 1 Whether they will 
maintain good function down the line is not known. 

Arthrodesis of the scaphoid-trapezium-trapezoid (STT) 
joints is another frequently used solution, popularized by 
Watson et al. 14 It is particularly indicated when there is an 
irreducible rotary subluxation of the scaphoid. It stabilizes 
the scaphoid by fusing the STT joint, thereby preventing 
the progression of carpal collapse. Most common com¬ 
plication is the emergence of short-term overload of the 
radioscaphoid joint space. To avoid this complication it is 
important to follow Watsons technique very precisely. 

In our expérience, the most effective way to recover 
good function in stage 5 SL dissociation is to perform a 
radioscapholunate fusion plus a distal scaphoidectomy. 15 
The rationale for this operation is based on 3 facts: first, 
from a functional point of view, the midcarpal joint is 
more important than the radiocarpal joint because it is 
there where the so-called dart-throwing motion occurs; 
second, if the scaphoid is fused to the radius, the mid¬ 
carpal joint cannot flex or radially deviate; and third, if 
the distal portion of a stiff scaphoid is excised, the mid¬ 
carpal joint is allowed to recover both its normal flexion 
and radial déviation. Promising midterm results hâve 
been published with this strategy that, again, is indicated 
in irreducible SL dissociations, but also in radiocarpal 
osteoarthritis. 

Stage 6: When a chronic SL dissociation has evolved into an 
osteoarthritic joint, the so-called scapholunate advanced 
collapse (SLAC) wrist, only salvage procedures such as 
a proximal row carpectomy or a scaphoidectomy plus a 
midcarpal fusion are indicated. The published results 
using these techniques are encouraging in terms of pain 
relief. Obviously, the long-term function of these opera¬ 
tions is a matter of concern. 

Treatment of Reducible Scapholunate Dissociation with 
Preserved Cartilage 

Indications and Contraindications. Tendon reconstruction 
of the SL linkage is recommended only in SL dissociation 
stage 3 or 4. For this to be successful, however, it is very 
important that the malalignment is easily reducible, and the 
periscaphoid cartilages are completely normal. 

Although this condition is usually seen in young males, 
there is no theoretical limit of âge f or the procedure provided 
that the 2 previously mentioned requirements are présent. 
Heavy manual workers are not good candidates for this treat¬ 
ment modality; they may require a more solid form of stabi¬ 
lization, such as a partial fusion. 

Preoperative Planning. A complété set of plain radiographie 
views and stress views are mandatory. 

• CT scan is useful to see bone positioning, and 4D CT 
scan (if available) provides information about scaphoid 
movement and may differentiate partial from complété 
SL lésions. 

• Arthroscans (tomograms taken after 3-compartment 
injection of dye) are very useful to assess cartilage status. 


• Best-quality magnetic résonance imaging may provide 
useful accessory information regarding bone vascularity, 
synovitis effects, and soft tissue status. 

• Arthroscopy is by far the best tool for preoperative planning. 

Surgical Technique. An axillary block is préférable. The 
patient is in the supine position. Tourniquet is placed in the 
arm and inflated up to 250 mm Hg after the extremity is 
exsanguinated. 

Approach 

• An 8-cm dorsal zigzag, lazy S, or longitudinal incision 
of the skin and subeutaneous tissue is centered on the 
tubercle of Lister. Dorsal sensory branches of the radial 
and ulnar nerves are identified and protected. 

• The extensor retinaculum is divided along the third 
compartment and the extensor pollicis longus (EPL) 
tendon is retracted radially. This allows easy reposition- 
ing of EPL in its compartment after reconstruction is 
performed. 

• The retinacular septa between compartments II and V 
are sectioned and the 2 retinacular flaps so created are 
retracted. Most septa contain intraseptal vertical vessels 
that need to be carefully coagulated. 

Dorsal Capsulotomy 

Dorsal Fiber-splitting Capsulotomy. Described by Berger 
et al, 16 dorsal fiber-splitting capsulotomy avoids transverse 
cutting of the dorsal capsular ligaments and provides excel¬ 
lent view (Fig. 17-5): 

• The first incision is made along the dorsal rim of the 
radius to the center of the lunate fossa. 

• The second incision is made from the end of the first 
incision following the fibers of the dorsal radiotriquetral 
ligament to its distal insertion onto the dorsal ridge of the 
triquetrum. 

• The third incision is made from the STT joint progressing 
medially along the dorsal inter carpal ligament to its inser¬ 
tion onto the dorsum of the triquetrum. 

• By connecting the last 2 incisions, a radially based cap¬ 
sular flap is created. This flap is carefully elevated by sec- 
tioning its connections to the dorsal edge of the 3 bones 
of the proximal row. 

• It is important to leave enough dorsal RTq ligament 
attached to the triquetrum in order to facilitate later ten- 
sioning of the tendon reconstruction. 

Nerve-sparing Dorsal Approach. This capsulotomy can be 
used in those cases in which the posterior interosseous nerve, 
placed in the radial side of the floor of the fourth extensor 
compartment, has a normal aspect and the proprioception 
transmitted by the nerve wants to be preserved. 17 

Capsular flap is proximal, thus protecting the entrance of 
nerve fibers inside the capsule, and, as in Berger s capsulot¬ 
omy, no transverse section of the dorsal capsular ligaments 
is performed. 
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FIGURE 17-5 Stage 4 SL dissociation treated by a 3LT technique. Easy 
réduction and good cartilage are mandatory conditions for ligament 
reconstruction. 



FIGURE 17-6 An oblique tunnel is created following the axis of the 
scaphoid. 


Three-ligament Tenodesis 

• The wrist joint is explored from the dorsum. 9 Normal 
cartilage surface of the carpal bones is confirmed. Easy 
réduction by traction of the SL dissociation should be 
achieved. Remaining tissue in the SL space is excised in 
order to facilitate the correct réduction of the bones. 

• An obliquetunnel alongthe longitudinal axis of the scaph¬ 
oid is created, from dorsal to palmar, entering at the level 
of the original insertion site of the dorsal SL ligament, and 
aiming at the palmar tuberosity. So as not to damage the 
médial or latéral articular surfaces of the scaphoid, we 
recommend using a 2.7- to 3.2-mm cannulated drill over 
a K-wire preset under fluoroscopie control (Fig. 17-6). 

• A strip oftheFCR tendon is then obtained. At the level of 
the distal pôle of the scaphoid, a small transverse palmar 
incision is made and the distal part of FCR is identified. 

The skin is incised at the musculotendinous junction; 
a strip is incised and left attached distally. The strip is 
passed under the skin through multiple transverse inci¬ 
sions or using a wire loop. The size of graft harvested 
dépends on the size of the scaphoid and bone tunnel 
created. 

• The FCR tendon strip is passed through the oblique scaph¬ 
oid tunnel using a wire loop or a tendon passer (Fig. 17-7). 

• A transverse trough or channel is then made over the dor- 

sum of the lunate with a rongeur. This trough needs to FIGURE 17-7 A strip of the FCR is obtained and passed through the 

uncover cancellous bone, the only tissue able to generate scaphoid tunnel. 
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FIGURE 17-8 The slip is the fitted in a though created in the dorsum 
of the lunate, passed through a slit made in the dorsal radiotriquetral 
ligament, looped around and sutured onto itself (see text). 


proper healing of the tendon into bone. To obtain inti- 
matecontactbetween the tendon strip and the lunate can- 
cellous bone, a small anchor suture is placed into the floor 
of the trough. 

• The distal end of the dorsal radiotriquetral ligament is 
then localized. By its insertion on the bone, a slit is cre¬ 
ated through which the tendon strip is passed volar to 
dorsal. The ligament is used as a pulley to tension the strip 
(Fig. 17-8). 

• The scaphoid, lunate, and capitate are reduced and sta- 
bilized with two 1.5-mm K-wires prior to tensioning the 
tendon graft. One wire is placed across the SL joint and 
1 across the scaphocapitate joint. It is critical to ensure 
réduction of the scaphoid and the lunate, élimination of 
any DISI deformity, and proper placement of the wires 
using fluoroscopy. 

• Radially directed tension is applied to the tendon graft 
already placed around and through the dorsal radiotri¬ 
quetral ligament. After that, the tendon graft is secured 
tightly into the cancellous bone channel created in the 
lunate using the suture anchor. 

• The end of the tendon strip is sutured onto itself with 3-0 
sutures (Fig. 17-9). 

• The capsular flap is brought back, over the tendon recon¬ 
struction, to its original position by suturing side-by-side 
the split fibers of the 2 ligaments involved in the capsulot- 
omy. Some sutures are also placed connecting t he capsule 



FIGURE 17-9 Radiographie long-term follow-up. Note the oblique 
tunnel in the scaphoid and the bony anchor that has been used to keep 
the tendon in the dorsum of the lunate. 


and the tendon loop to reestablish the normal capsular 
attachment to the dorsum of the SL joint. 

• The extensor retinaculum is finally reconstructed, drains 
are placed, and the skin is closed. 

Pearls and Pitfalls 

Indications : Never perform the 3LT if malalignment is not 
easily reducible or if there is cartilage wear. Inform the 
patient about the need to change the indication depend- 
ing on intraoperative findings. 

Scaphoid tunnel : Drill the tunnel from proximal to distal 
following scaphoid axis. Entry should be at the original 
insertion of dorsal SL ligament. Use first a K wire; check 
the position with fluoroscopy and then use a cannulated 
drill. Fit the tunnel size to scaphoid size. It is best to 
hâve a tighter fit rather than a looser fit in the tunnel 
so that there is less “slop” in the System and potentially 
less likelihood of loss of réduction. It is easier to adapt 
the size of the strip to the width of the tunnel, and not 
the opposite way. Pass the strip with a wire loop or 
tendon passer and avoid hemostatic forceps or similar 
instruments. 

Pin stabilization : One KW enters from the dorsoradial corner 
of the scaphoid and crosses the bone, aiming at the level 
of the hook of the hamate. A second KW enters from the 
palmar-radial corner of the scaphoid tuberosity, aiming 
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at the lunate. Avoid K-wires across the anatomie snuffbox 
(radial artery at risk). 

Fixation to the lunate : The anchor suture in the lunate is not 
to be used as anchor point for tendon tensioning, but only 
as a means to maintain the split tendon in full contact to 
cancellous bone. Tension of the tenodesis relies on the 
dorsal radiotriquetral ligament. 

Tensioning of the tenodesis : Avoid excessive réduction of the 
DISI by applying too much tension to the graft. A “volar 
intercalated segment instability” (VISI) may be created, 
aside from affecting motion, or may even lead to necrosis. 

Postoperative Care 

• The wrist is immobilized in a well-padded splint includ- 
ing the metacarpophalangeal joint of the thumb for 
10 days. After stitch removal, the wrist is maintained in a 
short arm thumb spica cast for 5 more weeks. 

• A protective removable splint is then fabricated. This will 
allow resting the joint between sessions of supervised 
physiotherapy. The splint is used for an additional 4 weeks. 

• Before wire removal, at 8 weeks, therapy consists of only 
gentle radiocarpal mobilization. After pin removal, global 
active mobilization is emphasized. Aggressive passive 
mobilization is never recommended. 

• Muscle strengthening exercises are not initiated until 
10 weeks after surgery. Contact sports are to be avoided 
for 6 months after surgery. 

Outcomes. A review of 38 patients with symptomatic SL 
dissociation who had a 3LT procedure, with a mean folio w- 
up of 46 months, showed an average range of motion of 
about 75% of the contralatéral side. 9 Average grip strength 
was 65%. Pain relief at rest was obtained in 28 patients, with 
8 complaining of mild discomfort during strenuous activity, 
and 2 having pain in most activities of daily life. Twenty- 
nine resumed their normal occupational-vocational activi¬ 
ties. There were no signs of scaphoid necrosis. Récurrence 
of carpal collapse occurred in only 2 wrists. Nine patients 
showed mild signs of degenerative osteoarthritis at the tip of 
the radial styloid, but none had substantial symptoms. 

Complications. Récurrence of the malalignment and sub¬ 
séquent development of degenerative arthritis is common 
when the technique is used inappropriately, in cases with a 
poorly reducible SLD (stage 5), or when cartilage détériora¬ 
tion is already présent (SLAC). 

When reducibility is in doubt, a more aggressive treat- 
ment (partial fusion or proximal row carpectomy) is 
recommended. 

LUNOTRIQUETRAL DISSOCIATION 

Rupture or insufficiency of the interosseus ligaments bind- 
ing the LTQ joint produces a carpal instability different f rom 
the SL instability. 18,19 The résultant malfunction is further 
enhanced if the extrinsic radiotriquetral ligaments are also 
attenuated. In this case the lunate is devoid of any control by 



FIGURE 17-10 Plain x-ray of a patient with a static lunotriquetral dis¬ 
sociation. Note the flexed and pronated position of the lunate following 
the scaphoid, and the incongruency at LTQ joint space. In PA view the 
lunate is flexed when it shows a triangular shape, meaning that the nar- 
row dorsal pôle is located distally than the volar and broader part of 
the bone. 


the triquetrum and it is dragged by the scaphoid into flexion 
and pronation, the so-called VISI. The triquetrum, by con- 
trast, becomes completely unstable and, not having a rigid 
support to lean on, it migrâtes proximally. This generates 
midcarpal joint incongruity, and consequently substantial 
dysfunction characterized by a typical crépitation in ulnar 
déviation (Figs. 17-10 and 17-11). 



FIGURE 17-11 CT scan-3D reconstruction of the same patient. 
From a dorsal view, the flexed position of the lunate is obvious (VISI). 
Although sometimes the SL joint space seems to be widened in plain 
x-rays, in this 3D image a normal dorsal SL relationship is confirmed. 
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As highlighted when discussing the treatment of SL dis¬ 
sociations, a number of factors may influence the manage¬ 
ment of LTQ dissociations: extent of the in jury, chronicity, 
reducibility, status of cartilage, presence of other local inju¬ 
ries, etc. Based on these factors, one may décidé between 
percutaneous LT joint fixation with K-wires (indicated in 
the acute in jury), LTQ fusion (indicated in the chronic insta- 
bility without carpal collapse), tendon reconstruction ofthe 
LTQ ligaments (indicated in chronic instability with partial 
LTQ tears), or more radical procedures (proximal row car- 
pectomy, radiocarpal or midcarpal fusion) for the chronic 
carpal collapse into VISI. 19 

Treatment of Lunotriquetral Dissociation Without Carpal 
Collapse. Chronic dynamic lunate triquetrum dissociation 
means that the 2 ends of LTQ ligaments hâve degenerated, 
making the chances for a successful direct repair very low, 
but no radiographie evidence of static instability is seen 
(VISI or step-off in the lunate in the lunate triquetrum 
interval). 

Indications 

• Dynamic LTQ instability secondary to complété intrinsic 
ligament rupture without ulnocarpal abutment syndrome 
(normal TFCC) and normal midcarpal joint. In the case 
of a relatively long ulna, lunate triquetrum fusions or 
even ligament reconstructions may remain symptomatic. 
In such instances, a wafer procedure or ulnar shortening 
may be performed in addition. 

• No radiographie evidence of VISI should be présent. 

Preoperative Evaluation 

• Positive lunate triquetrum ballottement test. 

• Fluoroscopie évaluation of abnormal proximal-distal 
shift of the triquetrum during radioulnar movement. 

• CT, 4D CT, and MRI can help in the diagnosis, mainly 
confirming the dynamic condition and the joint surface 
and soft tissue status. 

• Arthroscopy is by far the best tool for preoperative 
planning. It will confirm a complété or partial LT liga¬ 
ment lésion, and will rule out TFCC degeneration sec¬ 
ondary to ulnocarpal abutment or triquetrum-hamate 
impingement. 

Surgical Technique. An axillary block is préférable. The 
patient is in the supine position. Tourniquet is placed in the 
arm and inflated up to 250 mm Hg after the extremity is 
exsanguinated. 

Approach and Capsulotomy 

• Perform a dorsal (zigzag, lazy “S,” or longitudinal) inci¬ 
sion centered atIV-V septum. As a reference, remember 
that extensor indicis proprius tendon (contained in V 
compartment) is at the level of DRUJ. 

• The dorsal branch of the ulnar nerve can be identified 
dorsally just distal to the ulnar head. 



FIGURE 17-12 Intraoperative view of a LTQ fusion for a dynamic 
instability. A dorsal approach through the IV to V compartments, cre- 
ating an ulnarly based capsular flap, provides excellent view of both the 
lunate-triquetrum space and DRUJ. 


• Open the septum between IV and V; coagulate intraseptal 
artery. 

• Perform a “Z” capsulotomy creating 2 flaps foliowing the 
“fiber-splitting” concept. 20 

Lunate Triquetrum Arthrodesis 

• Complété section of the remnants of lunate triquetrum 
ligaments (Fig. 17-12). 

• Open the LTQ joint space as a book, and remove the joint 
surfaces with a rongeur to expose cancellous bone. Create 
a biconcave cavity, but do not excise the rim of the oppos- 
ing cortical edges to preserve the normal interosseous 
séparation. 

• Cancellous bone is harvested from the radius. It can eas- 
ily be done through a window created at the floor of the 
opened IV extensor compartment. 

• Place K-wires in the ulnar aspect of the triquetrum 
(Fig. 17-13). If the fusion has to be done with a cannu- 
lated screw, hâve in mind that 1 of the wires will be used 
to place the screw. If it is going to be done with KW, place 
multiple wires in a nonparallel configuration. 
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FIGURE 17-13 A concave cavity is created, filled with cancellous bone, 
and stabilized in this case with KW (see textfor explanation). 


• Bone graft is densely packed in the cavity. The joint is 
reduced, KW driven into the lunate, and fixation com- 
pleted with a headless compression cannulated screw or 
KW. In the case that screw is used, leaving an extra KW 
is recommended. Ail the wires are eut below the skin sur¬ 
face (Figs. 17-14 and 17-15). 

• Standard capsular and retinacular closure. 



FIGURE 17-14 Final intraoperative \dew of the procedure. Note that a 
“wafer” procedure was also performed in this case. 



FIGURE 17-15 X-ray at 8 weeks. Several KW were used in this case. 
Removal of the KW is not performed until fusion is obvious. 


Postoperative Care 

• Short arm thumb spica cast for 6 weeks, changed at 
10 days for stitch removal and x-ray s. 

• At 6 weeks x-rays. Perform out-of-cast x-rays, but main- 
tain immobilization until healing is obvious. At that time, 
removal of KW under local anesthésia. 

• Réhabilitation after cast removal to regain motion and 
grip strength. Contact sport not allowed until 6 months 
postoperatively. 

Outcomes and Complications. Although a nonunion rate of 
26% and complication rate of 43% hâve been reported, most 
of the complications with this procedure appear when it is 
incorrectly planned or secondary to technical problems. One 
should expect that 75% of patients hâve a painless wrist, with 
80% of global motion and 75% grip strength. 21 

Nondissociative Instabilities (CIND) 

As stated above, CIND instability implies integrity of the 
transverse intercarpal ligaments binding bones of the same 
row. In contrast to CID, a dysfunction of the entire proximal 
carpal row happens, and may predominate in the radiocarpal 
joint (radiocarpal CIND), in the midcarpal joint (midcarpal 
CIND), or, more frequently, in both. 

RADIOCARPAL CIND 

This instability is characterized by the inability to main- 
tain the carpal condyle in its normal position in relation to 
the radius. The most common causes are an abnormal tilt 
of the distal radial surface and/or a failure of the ligaments 
that prevent radiocarpal subluxation. 22>23 When the distal 
surface of the radius is abnormally inclined (most often 
toward the ulna), high tangential forces acting on the car¬ 
pal condyle may develop; if they are high enough, abnormal 
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ligament tensions may elongate the radiocarpal ligaments 
and induce a serious global subluxation of the entire carpal 
condyle. Madelung distal radial deformity may lead to this 
situation, as well as rheumatoid arthritis. In the first case, the 
nonphysiological ulnarly inclined distal radius is the one to 
be blamed; in the second, it is the rupture of the ligaments 
in charge of maintaining the carpal condyle in normal posi¬ 
tion. Inboth circumstances the carpus may appear subluxed 
both ulnarly and palmarly, with the subséquent alteration of 
the kinematics. A radiocarpal corrective osteotomy, or more 
often a radiocarpal fusion, is the usual treatment for this 
condition. 23 

MIDCARPAL CIND 

This group includes palmar and dorsal midcarpal nondisso- 
ciative instabilities. Palmar CIND is by far the most common, 
and is a particular type of instability in which t he primary 
defect is in the palmar midcarpal Crossing ligaments, namely, 
the palmar triquetrum-hamate-capitate ligaments, the 
scaphocapitate, and the STT ligaments. 24 Ligament failure 
may be idiopathic, due to chronic laxity, or secondary to car¬ 
pal malalignment after fracture of the distal radial epiphysis. 
Patients with symptomatic palmar CIND typically complain 
of a painful “clunk” (so-called “catch-up clunk”) when mov- 
ing the wrist from radial to ulnar déviation. This occurs when 
the flexed proximal row pops suddenly into an extended 
position close to the end of ulnar déviation (Fig. 17-16). 
Most authors advocate fusing the triquetrum-hamate joint. 
In our expérience a radiolunate arthrodesis is as effective a 



FIGURE 17-17 Long-term x-ray of a radiolunate fusion in the case of 
a palmar midcarpal instability in a lax individual. The KW used in t his 
case for fixation had been previously removed. 

proximal row stabilizer as a midcarpal fusion, with the added 
benefit of not eliminating the midcarpal joint. Indeed, if we 
preserve midcarpal rotation, the patient will be allowed good 
dart-throwing rotation, the one used in most activities of 
dailyliving (Figs. 17-17 and 17-18). 



FIGURE 17-16 Typical latéral view of a patient with a palmar midcar¬ 
pal nondissociative instability. The entire proximal row is in a flexed 
position until the wrist is in complété ulnar déviation. Note the visible 
volar dépréssion at the midcarpal level that is usually seen in these cases 
just by visual inspection of the wrist. 




FIGURE 17-18 Range of motion after RL fusion. Note that extension is 
in radial déviation and flexion in ulnar déviation in the so-called “dart- 
throwing motion.” 
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Wrist Arthroscopy 

David J. Slutsky, MD 



INTRODUCTION 

Wrist arthroscopy has steadily grown from a mostly diagnos¬ 
tic tool to a valuable adjunctive procedure in the treatment of 
myriad wrist disorders. A thorough wrist examination is inté¬ 
gral to any arthroscopic assessment. Although wrist arthros¬ 
copy can identify an anatomie abnormality, it cannot be used 
to differentiate between an asymptomatic degenerative con¬ 
dition and a pathologie lésion that is the cause of wrist pain. 

ANATOMY 

The standard portais for wrist arthroscopy are mostly dorsal 
(Fig. 18-1A and B). This is in part due to the relative lack of 
neurovascular structures on the dorsum of the wrist as well 
as the initial emphasis on assessing the volar wrist ligaments. 
The dorsal portais are named in relation to the extensor com- 
partments. One anatomie study determined that branches of 
the superficial radial nerve (SRN) pass within 3 mm (range, 
1-6 mm) of the l-/,2 portai. 1 The radial artery was found at 
an average of 3 mm radial to the portai (range, 1-5 mm). 
Either partial or complété overlap of the latéral antebrachial 
cutaneous nerve (LABCN) with the SRN occurs up to 75% 
of the time. 2 Steinberg et al recommended placing this portai 
no more than 4.5 mm dorsal to the first extensor compart- 
ment and within 4.5 mm of the radial styloid. 3 Branches of 
the SRN that were radial to the 3-/,4 portai were located at 
a mean distance of 16 mm and were generally remote from 
the 4-/,5 portai. Branches of the SRN were found radial to 
the midcarpal radial (MCR) portai at a mean of 7.2 mm. The 
dorsal cutaneous branch of the ulnar nerve (DCBUN) passes 
within 2.5 mm ofthe 6R portai and 17.5 mm from the dorsal 
distal radioulnar portai. 4 

In an anatomie study of the volar radial (VR) portai per- 
formed by the author, there was a safe zone comprising the 
width of the flexor carpi radialis (FCR) tendon plus at least 
3 mm or more in ail directions at the level of the proximal 
wrist crease, which was free of any neurovascular struc¬ 
tures. 96 There was no true safe zone for the volar ulnar (VU) 


portai; hence, careful dissection and wound spread tech¬ 
nique should be observed. 5 

METHODOLOGY 

The patient is positioned supine under general anesthésia 
with the arm abducted under tourniquet control. A 2.7-mm 
30° angled scope along with a caméra attachment is used 
along with some method of overhead traction. The structures 
that should be visualized as a part of a standard examination 
include the radius articular surface, the proximal scaphoid 
and lunate, the volar carpal ligaments, the scapholunate 
interosseous ligament (SLIL) and lunotriquetral interosseous 
ligament (LTIL), and the triangular fibrocartilaginous com- 
plex (TFCC). It is the author’s practice to establish the dorsal 
portais first but then to start the arthroscopic examination 
with the VR portai in order to visualize the palmar SLIL 
and the dorsal radiocarpal ligament (DRCL) to minimize 
artifact 2° to iatrogénie trauma to the dorsal capsular struc¬ 
tures. If the patient has ulnar-sided wrist pain, the VU portai 
is utilized to assess the palmar LTIL and dorsal radioulnar 
ligament (DRUL), extensor carpi ulnaris (ECU) subsheath 
(ECUS), and radial TFCC attachment. The scope is then 
inserted in the 3-/,4 portai foliowed by various combinations 
of the 4-/,5 portai and 6R portai. The 6U portai is mostly 
used for outflow, but it may be used for instrumentation 
when debriding palmar LTIL tears. Midcarpal arthroscopy 
is performed next to assess the integrity of the intercarpal 
ligaments and to inspect for chondral lésions or loose bodies 
in the midcarpal joint. The spécial use portais such as the 
dorsal and volar distal radioulnar joint (DRUJ) portais and 
the l-/,2 portai are used as needed. 

3-/,4 Portai 

The surgeon is initially seated facing the dorsal surface of 
the wrist. The concavity overlying the lunate between the 
extensor pollicis longus (EPL) and the extensor digitorum 
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FIGURE 18-1 Dorsal portai anatomy. A. Cadaver dissection of the dorsal aspect of a left wrist demonstrating t he relative positions of the dorsoradial 
portais. EDC, extensor digitorum communis; EPL, extensor pollicis longus; SRN, superficial radial nerve. ( *) Lister’stubercle. B. Relative positions of 
the dorsoulnar portais. DCBUN, dorsal cutaneous branch of the ulnar nerve. 


communis (EDC) is located just distal to Listers tubercle, 
in line with the second web space. The radiocarpal joint is 
identified with a 22-gauge needle that is sloped 10° palmar 
to account for the volar inclination of the radius. The joint is 
injected with 5 cm 3 of saline. A shallow skin incision is made 
to avoid injuring small branches of the SRN or superficial 
veins. Tenotomy scissors or blunt forceps are then used to 
spread the soft tissue and pierce the dorsal capsule. This 
technique is repeated for each portai. The vascular tuft of the 
radioscapholunate ligament (RSL) is directlyin line with this 
portai. Superior to the RSL is the membranous portion of 
the SLIL. The insertion of the dorsal capsular attachment 
can often be visualized by rotating the scope dorsally while 
looking ulnarwards. The RSL and long radiolunate ligament 
(LRL) are radial to the portai and can be probed with a hook 
in the 4-/,5 portai. The LTIL, TFCC, ulnolunate ligament 
(ULL), and ulnotriquetral ligament (ULT) are ulnar to the 
portai. 

4-/,5 Portai 

The interval for the 4-/,5 portai is identified with a 22-gauge 
needle inserted between the EDC tendons and the exten¬ 
sor digiti minimi (EDM), in line with the ring metacarpal. 
Due to the normal radial inclination of the distal radius, 
this portai lies slightly proximal and about 1 cm ulnar to 
the 3-/,4 portai. Views of the ulnar one half of the lunate are 


obtained by moving the scope radially, whereas the trique- 
trum is seen by angling the scope in a superior and ulnar 
direction. The LTIL is often difficult to differentiate from 
the carpal bones without probing. The ULL and ULT can be 
seen on the far end of the joint. Proximally, the radial inser¬ 
tion of the TFCC blends imperceptibly with the sigmoid 
notch of the radius, but it can be palpated with a hook probe 
in either the 3-/,4 or 6R portai. The peripheral insertion of 
the TFCC slopes upwards into the ulnar capsule. The volar 
and DRULs can be probed for laxity/tears, but they are not 
seen as distinct structures since they blend with the TFCC. 
The pisotriquetral orifice (PTO) is just distal and anterior 
to the prestyloid recess and is found within the substance 
of the ULT just anterior to the proximal articular surface of 
the triquetrum. 

6R, 6U Portais 

The 6R portai is identified on the radial side of the ECU ten¬ 
don, just distal to the ulnar head. The scope should be angled 
10° proximally to avoid hitting the triquetrum. The TFCC is 
immediately below the entry site. The LTIL is located radi¬ 
ally and superiorly, whereas the ulnar capsule is immediately 
adjacent to the scope. The 6U portai is located ulnar to the 
ECU tendon. This portai can be used to view the dorsal rim 
of the TFCC or for instrumentation when debriding the pal¬ 
mar LTIL. 
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Midcarpal Portais 

The MCR portai is found 1 cm distal to the 3-/,4 portai. The 
scaphotrapezial trapézoïdal (STT) joint lies radially and can 
be seen by rotating the scope dorsally. The scapholunate (SL) 
articulation that is proximal to this portai can be probed for 
instability or step-off. By moving the scope in an ulnar direc¬ 
tion, the lunotriquetral (LT) articulation cornes into view. 
Superiorly, the proximal surface of the capitate, the inter- 
osseous ligament, and the hamate are seen. The midcarpal 
ulnar (MCU) portai is located 1 cm distal to the 4-/,5 portai 
or 1.5 cm ulnar and slightly proximal to the MCR portai, in 
line with the ring metacarpal axis. Normally there is very lit- 
tle step-off between the distal articular surfaces. When there 
is any doubt, the traction should be released and the SL joint 
should be viewed with the scope in the MCU, whereas the LT 
joint should be viewed with the scope in the MCR. 

Volar Portais 

To establish the VR radial portai, the surgeon is seated facing 
the volar aspect of the wrist. A 2-cm transverse or longitudi¬ 
nal incision is made in the proximal wrist crease overlying 
the FCR tendon (Fig. 18-2). It is not necessary to specifically 
identify the adjacent neurovascular structures, provided that 
the anatomie landmarks are adhered to. The tendon sheath is 
divided and the FCR tendon is retracted ulnarly. The radio- 
carpal joint space is identified with a 22-gauge needle and 
distended with 5 cm 3 of saline. Tenotomy scissors or forceps 
are used to pierce the volar capsule. A blunt obturator and 
trocar are then introduced followed by the arthroscope. 



FIGURE 18-2 Relative positions of the volar radial (VR) portai and the 
volar ulnar (VU) portai. FCR, flexor carpi radialis; FDS, flexor digito- 
rum sublimus. 


The midcarpal joint can be accessed through the same skin 
incision by angling the trocar 1 cm distally and approxi- 
mately 5° ulnarwards. A hook probe is inserted through the 
3/-,4 portai and it is used to assess the palmar aspect of the 
SLIL and the DRCL. A useful landmark when viewing from 
the VR portai is the intersulcal ridge between the scaphoid 
and lunate fossae. The origin of the DRCL is seen immedi- 
ately ulnar to this ridge, just proximal to the lunate. The VU 
portai is established via a 2-cm longitudinal incision cen- 
tered over the proximal wrist crease along the ulnar edge of 
the finger flexor tendons. The tendons are retracted to the 
radial side and the radiocarpal joint space is identified with a 
22-gauge needle. Blunt tenotomy scissors or forceps are used 
to pierce the volar capsule, followed by insertion of a can- 
nula and blunt trocar, and then the arthroscope. The ulnar 
nerve is protected by use of the cannula and a more radial 
entry site. The médian nerve is protected by the adjacent 
flexor tendons. The palmar région of the LTIL can usually be 
seen slightly distal and radial to the portai. A hook probe is 
inserted through the 6R or 6U portai. 


DRUJ Portais 

The dorsal aspect of the DRUJ joint can be accessed through 
a proximal and a distal portai. The proximal portai is mostly 
for outflow and can be identified by inserting a 22-gauge 
needle horizontally at the neck of the distal ulna. The distal 
portai (DDRUJ) is identified just proximal to the 6R portai, 
underneath the DRUL. This portai can be used for outflow 
drainage or for instrumentation. It lies on top of the ulnar 
head but underneath the TFCC. 

The topographical landmarks and establishment of the 
volar distal radioulnar (VDRU) portai are identical to those 
of the VU portai. The capsular entry point lies 5 to 10 mm 
proximally. 6 There is more room on the VU aspect of the 
DRUJ for insertion of an arthroscope with relatively unim- 
peded views of the proximal articular dise and the foveal 
attachments. The VDRU portai is accessed through the VU 
skin incision. A 1.9-mm small joint arthroscope can be used 
since gaining access to the DRUJ can be difficult, especially 
in a small wrist, but a standard 2.7-mm scope provides a bet- 
ter field of view. It is useful to leave a needle or cannula in 
the ulnocarpal joint for reference. The DRUJ is located by 
angling a 22-gauge needle 45° proximally, and then injecting 
the DRUJ with saline. Once the correct plane is identified, 
the volar DRUJ capsule is pierced with tenotomy scissors fol¬ 
lowed by a cannula with a blunt trocar and then the arthro¬ 
scope. Alternatively, a probe can be placed in the DDRUJ 
portai and advanced through the palmar incision to help 
locate the joint space. It can then be used as a switching stick 
over which the cannula is introduced. Initially, the DRUJ 
space appears quite confined, but over the course of 3 to 
5 minutes the fluid irrigation expands the joint space, which 
improves visibility. A b urr or ther malprobe can be substituted 
for the 3-mm hook probe through the DDRUJ as necessary 
(Fig. 18-3A-D). 
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FIGURE 18-3 A. Volar aspect of a left wrist demonstrating the relative positions of the VU and volar DRUJ (VDR) portais in relation to the ulnar 
nerve (+) and ulnar artery (UA). FCU, flexor carpi ulnaris; FDS, flexor digitorum sublimus. B. Close-up view after the volar capsule is removed show- 
ing position of needles in relation to the volar radioulnar ligament (*). Tr, triquetrum; UH, ulnar head. C. Relative position ofthe proximal (PDRUJ) 
and distal (DRUJ) portais. D. Close-up viewwith the dorsal capsule removed demonstrating the position of the needles in relation to the dorsal radio¬ 
ulnar ligament (*). AD, articular disk; UC, ulnocarpal joint; UH, ulnar head. 
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SYNOVIAL BIOPSY 
Indications 

A synovial biopsy is mostly indicated in inflammatory con¬ 
ditions where a tissue sample is required to aid in the diag- 
nosis. These would include inflammatory arthritis, goût, 
sarcoidosis, and granulomatous infections. Synovial biopsy 
is also of use when quantitative analysis of the inflammatory 
response in a rheumatoid patient is indicated for prognostic 
reasons. 

Contraindications 

This should be done with caution in any patient who is on 
anticoagulation médication or with a bleeding disorder. 

Outcomes 

Kraan et al demonstrated that the inflammation in 
1 inflamed joint is generally représentative of that in other 
inflamed joints and that it is possible to use serial samples 
from the same joint, selecting either large or small joints, 
for the évaluation of antirheumatic thérapies. 7 They exam- 
ined 9 patients with rheumatoid arthritis and performed 
an arthroscopic synovial biopsy of both an inflamed knee 
joint and an inflamed wrist or metacarpophalangeal joint. 
Multiple biopsy specimens were collected and stained for 
macrophages, T cells, plasma cells, fibroblast-like synovio- 
cytes, and interleukin-6 (IL-6) by immunohistochemistry. 
They found no significant différences in mean cell numbers 
for ail markers investigated in samples from the knee joint 
compared with samples from the small joints, but they did 
flnd a statistically significant corrélation for the numbers 
of sublining macrophages, T cells, and plasma cells, as well 
as for IL-6 expression, between the knee joint and the small 
joints. It is most efficient to take a sample directly using 
arthroscopic forceps, although a full radius resector and 
arthroscopic scalpel may also be used. 

A radiographie association between calcium pyrophos¬ 
phate dihydrate crystal déposition disease (CPPD) and 
chronic SL dissociation 8 and scaphotrapezial (ST) osteoar- 
thritis 9 has been noted, but the question of cause and effect 
has not been completely settled. A recent report has linked 
goût and SL and LT ligament pathology as well. Wilczynski 
et al recently reported the arthroscopic findings in 7 patients 
with the diagnosis of goût and nontraumatic wrist pathol¬ 
ogy. 10 Ail 7 wrists had diffuse synovitis, with crystalline 
deposits throughout the radiocarpal joint (positive histology 
for urate crystals available in 4 patients) as well as focal crys¬ 
talline précipitâtes on the SL and LT ligaments but not on 
the triangular f ibrocartilage complex. SL (6 cases) or LT liga¬ 
ment (5 cases) disruption was noted in addition to an early 
scapholunate advanced collapse (SLAC) pattern of arthritis 
in 6 of the 7 patients. 


SYNOVECTOMY 

Indications 

An arthroscopic synovectomy is mostly indicated in rheu¬ 
matoid patients who hâve not responded to 6 months of 
appropriate medical management with a stable wrist joint 
and well-preserved articular surfaces. It is also bénéficiai in 
patients who hâve juvénile rheumatoid arthritis, systemic 
lupus, and postinfectious arthritis. Preoperatively, MR imag- 
ing of the wrists in patients with early RA can help to predict 
the future course. 

Contraindications 

Similar to a biopsy, a synovectomy should be done with cau¬ 
tion in any patient who is on anticoagulation médication or 
with a bleeding disorder. It is not recommended in psoriatic 
arthropathy. 11 

Surgical Technique 

The synovectomy is performed systematically using a 3.5-mm 
resector and a thermal probe, starting on the radial side of the 
wrist. Synovitis is especially localized a round the radial styloid, 
the radioscaphocapitate (RSC) ligament, the prestyloid recess, 
and the ECUS (Fig. 18-4A and B). The surgeon may inter¬ 
change instruments and the scope between the 3-/4, 4-/5, and 
VR portais for access. The ulnocarpal joint is then addressed 
through the 4-/5, 6R, and VU portais. The midcarpal joint is 
explored through the MCR, MCU, and STT portais. A DRUJ 
synovectomy can be performed with the scope in the VDR 
portai and the instruments in the DDRUJ portai. Occasionally 
the DRUJ can be accessed through a central TFCC tear. Early 
motion is instituted postoperatively to limit adhesions. 

Outcomes 

Adolfsson and Frisen warn against using it for psoriatic 
arthropathy based on the poor results in a small number of 
patients who had been treated with an arthroscopic synovec¬ 
tomy. 1 1 They noted that the synovitis was less pronounced and 
there was a tendency for ankylosis with this disease. Adolfsson 
interviewed 18 patients 12 to 15 years after they had under- 
gone an arthroscopic synovectomy and noted they generally 
experienced a long period of comfort foliowing the synovec¬ 
tomy with only 1 patient requiring additional surgery. 12 

CHONDROPLASTY AND LOOSE BODIES 
Indications 

Articular cartilage damage is a common cause of wrist 
pain and may resuit from osteochondral fractures, chronic 
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FIGURE 18-4 A. Rheumatoid synovitis in the ulnar capsule. B. View 
of the ulnar capsule from the 3,4 portai followinga synovectomy. 

carpal instability, sloughing of a cartilage defect in a vascular 
necrosis, or idiopathically. Intermittent locking f rom loose 
bodies constitutes an idéal indication for wrist arthros- 
copy (Fig. 18-5A). Articular defects often go undetected by 
preoperative imaging studies and they are best seen at the 
time of arthroscopy. Culp et al hâve provided a modified 
Outerbridge classification for chondral lésions in the wrist 
where grade I represents softening of the hyaline surface, 
grade II consists of fibrillation and fissuring, grade III rep¬ 
resents a fibrillated lésion of varying depth in the articu¬ 
lar surface, and grade IV has a full-thickness defect down 
to bone (Fig. 18-5B). 13 Grade I to III lésions are treated 
with debridement and localized synovectomy Localized 
grade IV lésions can be treated with abrasion chondroplasty 
and subchondral drilling. 

Contraindications 

Chondroplasty is not indicated if there is widespread 
cartilage loss. 


Surgical Technique 

Once a focal area of chondral damage is identified, an 
arthroscopic burr or 0.62-mm K-wire is used to make mul¬ 
tiple perforations into the subchondral bone plate. These 
perforations are made 1 to 2 mm apart while maintaining an 
adéquate bony bridge (Fig. 18-5C). 

Outcomes 

Bain and Roth noted improvement in 83% of patients with 
1° chondral defects that were treated with debridement. 14 
Whipple stated that patients often hâve relief after abrasion 
arthroplasty if the defect is <5 mm. 15 

ARTHROSCOPY AND AVASCULAR 
NECROSIS 

Bain and Begg described an arthroscopic classification for 
Kienbôck disease based on the number of articular surfaces. 16 
Grade 0 is where ail articular surfaces are normal; hence, 
an extra-articular unloading procedure may be indicated. 
Grade I consists of 1 nonfunctional proximal lunate surface 
that can be treated with a proximal row carpectomy (PRC), 
radioscapholunate fusion or lunate excision, and scaphocap- 
itate (SC) fusion (Fig. 18-6). Grade II is when the proximal 
and distal lunate surfaces are nonfunctional that requires a 
PRC or SC fusion. Grades III and IV require total wrist fusion 
or arthroplasty. Menth-Chiari et al utilized arthroscopic 
debridement alone of the necrotic lunate in 7 patients with 
Lichtman stages IIIA and IIIB. 17 Ail patients reported sig¬ 
nifiant improvement in pain relief and complété relief of 
mechanical symptoms at an average of 19-month follow-up. 
There are scant reports on arthroscopic treatment of Preiser 
disease, but the same investigators reported good pain relief 
and improved wrist motion in a patient following debride¬ 
ment of a necrotic scaphoid at a 31-month follow-up. 18 

ARTHROSCOPIC WRIST 
GANGLIONECTOMY 

Osterman and Raphaël pioneered the arthroscopic resec¬ 
tion of dorsal wrist ganglia and reported on 150 procedures 
with only 1 récurrence. 19 Volar wrist ganglia that originate 
from the radiocarpal joint are amenable to arthroscopic 
resection. Arthroscopic resection of ganglia from the STT 
joint has not been reported. 

Indications 

The indication for arthroscopic removal of a dorsal ganglion 
is similar to those for an open method. An idéal indication 
is when patients hâve concomitant wrist pain and a positive 
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FIGURE 18-5 A. Arthroscopic forceps in the 4-/,5 portai are used to 
remove a loose body in the ulnocarpal joint. T, triquetrum. B. Full- 
thickness chondral defect (*) of the lunate. C. A chondral defect is 
viewed from the MCR. Note the rim of remaining cartilage (*) and the 
2 drill holes (arrows) separated by a bone bridge. 


scaphoid shift test where évaluation of any associated SLIL 
instability is désirable. The occult ganglion that is entirely 
intracapsular and cannot be visualized during open surgery 
is another good indication. Preoperative x-rays should be 
performed to ruleout intraosseous communication or other 
carpal pathology. It is important to ensure the lésion is in fact 



FIGURE 18-6 Staging of Kienbôck disease. A f lap of nonviable cartilage 
(*) is hanging into the joint exposing the subchondral bone of the lunate 
(L). The cartilage on the lunate fossa of the radius (R) is still viable. 


a ganglion with transillumination, an MRI, or needle aspira¬ 
tion. An Allen test should be performed with volar ganglia to 
ensure adéquate hand perfusion from the ulnar artery in the 
event of radial artery perforation, and to rule out an aneu- 
rysm masquerading as a cyst. 


Contraindications 

Scarring in the area due to previous injury or surgery for 
récurrence may distort the anatomy and make it difficult to 
establish the portais. 


Surgical Technique: Dorsal Ganglionectomy 

Since the ganglion overlies the 3-/,4 portai, it is my prefer- 
ence to view the ganglion through the VR portai, which pro¬ 
vides a direct line of sight and allows one to rule out a tear of 
the DRCL. Alternatively, the l-/,2 or 6R portai can be used. 
A shaver is then introduced into the ganglion through the 
3-/,4 portai to perforate the ganglion and resect the stalk. 
The intra-articular ganglion is completely debrided along 
with a 1 -cm area of surrounding dorsal capsule. The exten- 
sor tendons may be visible through the defect. Midcarpal 
arthroscopy should be performed to débridé any midcarpal 
extension of the ganglion and to assess the status of the SL 
and LT joints (Fig. 18-7A and B). 


Surgical Technique: Volar Ganglionectomy 

The ganglion is amenable to arthroscopic resection only if 
it arises from the radiocarpal joint that can be determined 
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FIGURE 18-7 A. Dorsal wrist ganglion seen from the VR portai. 
B. Midcarpal extension of a dorsal wrist ganglion ( *) as seen from the 
MCR. C, capitate; L, lunate. C. Volar wrist ganglion ( *) viewed from the 
3-/4 portai. RSL, radioscapholunate ligament; S, scaphoid. 


by injecting the cyst with dye intraoperatively under f luoros- 
copy. 20 The joint is surveyed in the standard fashion starting 
with the 3-/,4 portai. When a volar ganglion is présent, there 
may be an outpouching in the sulcus between the RSC and 
LRL (Fig. 18-7C). Volar pressure on the cyst can deliver it 
into the joint space. A resector i s placed through the VR, 1 -/2, 
or 4-/,5 portai to resect the ganglion and 1 cm of surround- 
ing capsule until the FCR tendon is seen. Postoperatively, the 
wrist is splinted for 1 week for comfort foliowed by protected 
range of motion. Loss of wrist flexion foliowing dorsal gan- 
glia excision or loss of wrist extension with volar ganglia can 
be treated with dynamic splinting at 6 to 8 weeks. 

Outcomes 

Rizzo et al performed an arthroscopic resection of 41 dorsal 
ganglia. At 2 years, patients demonstrated improved wrist 
motion and grip strength, excellent pain relief, and only 
2 récurrences. 21 Mathoulin et al performed an arthroscopic 
resection on 32 patients with a volar cyst with no récurrences 
at an average follow-up of 26 months and an arthroscopic 
resection of 96 dorsal ganglia with 4 récurrences at a mean 
follow-up of 34 months. 22 At the 1-year follow-up, Kang et al 
reported a récurrence rate of 3/28 in patients undergoing an 
arthroscopic resection and 2/23 in patients treated with an 
open ganglion resection. 23 Edwards and Johansen had no 
récurrences at a minimum 2-year follow-up in 55 patients fol¬ 
io wing an arthroscopic dorsal ganglion resection. 24 They noted 
a high incidence of interosseous ligament laxity. Using the 
Geissler classification, the SL joint demonstrated laxity types I 
(2 of 45 cases), II (22 of 45 cases), III (20 of 45 cases), and IV 
(1 of 45 cases). The LT joint demonstrated laxity types II (6 of 
45 cases) and III (39 of 45 cases). Good results are not invari¬ 
able in patients with associated intracarpal pathology how- 
ever. Povlsen and Tavakkolizadeh reviewed 16 patients with 
painful dorsal wrist ganglia and arthroscopically confirmed 
ligament abnormalities. They documented the presence of an 
abnormal SL joint in 10/16 patients and an abnormal LT joint 
in 2/16 patients. At a 5-year follow-up there were no récur¬ 
rences of the ganglia, but only 1 patient remained pain free. 25 
Langner et al reported a high incidence of TFCC lésions in 
association with painful volar or dorsal wrist ganglia. 26 They 
noted an incidence of 22 TFCC lésions in 46 patients who 
underwent an arthroscopic ganglion resection. The TFCC 
lésions were treated with debridement or repair depending on 
the locations and type of tear. At 1 year, the DASH scores had 
improved in ail patients, but there was a 17% récurrence rate. 

ARTHROSCOPIC RELEASE 
OF WRIST CONTRACTURE 

Indications 

Patients lacking a functional arc of wrist motion who hâve 
failed a trial of dynamic/static progressive splinting are can¬ 
didates for this procedure. Lee et al devised a classification 
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FIGURE 18-8 A. Arthrofibrosis between the radius (R) and scaphoid (S) viewed from the 3-/4 portai. B. Volar capsulotomy. The arthroscope is in 
the 3-/4 portai and the blade is inserted in the 4-/5 portai. 


System based on pathologie anatomie location. 27 Type I rep- 
resents intrinsic adhesions that are subdivided into radiocar- 
pal (A), midcarpal (B), DRUJ (C), and combined (D). Type II 
represents extrinsic contracture that can be dorsal (A), volar 
(B), DRUJ (C), and combined (D). The operative approach 
should be wrist arthroscopy for types IA (radiocarpal adhe¬ 
sions) and IB (midcarpal adhesions) where intra-articular 
adhesions are présent. Types IC (DRUJ adhesions) and IIC 
(DRUJ capsular contracture) are best approached in an open 
manner where dorsal and palmar capsulectomies of the 
DRUJ are performed. For types IIA, B, and D (dorsal, pal¬ 
mar, and combination extrinsic contracture, respectively), 
both open and arthroscopic methods are utilized. 

Contraindications 

A frank carpal instability pattern is a contraindication since 
release of the volar and/or dorsal extrinsic ligaments would 
likely exacerbate this condition. Similarly, significant post- 
traumatic OA will limit any ultimate gains. Division of the 
RSC, LRL, and short radiolunate ligament (SRL) should be 
performed with caution in patients who are at risk for ulnar 
translocation such as those patients with rheumatoid arthri- 
tis and those who hâve undergone previous radial styloid- 
ectomies. Patients who cannot comply with postoperative 
dynamic/static progressive splinting due to low pain thresh- 
old or psychological disorder are not appropriate candidates. 

Surgical Technique: Volar Capsulotomy 

A blunt trocar and a cannula are initially inserted in the 3-/,4 
portai and used in a sweeping fashion to clear a path. A full 
radius resector is used to clear adhesions. The radial artery 
passes within 5.2 mm, the médian nerve 6.9 mm, and the 
ulnar nerve passes within 6.7 mm of the volar capsule, which 
should bekeptin mind. 28 An arthroscopic knife is introduced 


through a cannula in the 4-/,5 portai (Fig. 18-8A and B). The 
RSC ligament is gently divided until the volar capsular fat 
and/or the FCR tendon is seen. The ULL and ULT should 
not be released in the presence of an LT joint instability 
since in sectioning studies this combination results in a volar 
intercalated segmentai instability (VISI) pattern, especially 
when the DRCL is also released. 

Surgical Technique: Dorsal Capsulotomy 

It is my preference to view through the VR portai, although 
the 1 -/,2 portai may be substituted. In patients with a par¬ 
tial or complété SLIL tear, sectioning the DRCL should be 
done with caution since it may exacerbate any preexisting 
SL instability. An arthroscopic knife is introduced through 
a cannula placed in the 3-/,4 portai. The dorsal capsule and 
the DRCL are gently sectioned until the dorsal capsular fat 
and/or the extensor tendons can be seen. Verhellen and Bain 
use an umbilical tape to retract and protect the extensor ten¬ 
dons. 28 If it is désirable to release the dorsoulnar capsule, it 
is necessary to establish a VU portai, or to view through the 
6U portai. The adhesions are cleared through utilizing the 
4-/,5 and 6R portais and then a capsulotomy is performed 
in a similar fashion. Postoperatively, the patient is placed in 
a bulky splint for 2 to 3 days to reduce hematoma formation, 
followed by aggressive wrist mobilization. 

Outcomes 

Osterman described his expérience with 23 patients with 
an average preoperative wrist flexion of 5° and extension of 
15° (A. L. Osterman, personal communication, 2000). At 
a 2-year follow-up flexion improved to 48° and extension 
to 58°. Hattori et al noted an average increase of 22° in t heir 
sériés of 11 patients. 29 Luchetti et al reported on 28 patients. 
Radiocarpal, midcarpal, and distal radioulnar portais were 
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used. At a mean of 28 months, wrist flexion/extension 
increased from an average of 84° to 99° and mean pronation/ 
supination increased from 144° to 159°. 30 


INTEROSSEOUS LIGAMENT INJURIES 

Arthroscopy has perhaps influenced the diagnosis and treat- 
ment of interosseous ligament injuries more than any other 
type of carpal disorder. Geissler et al proposed an arthroscopic 
grading scale of interosseous ligament instability that can be 
applied to both the SL and LT ligaments. 31 This classification 
quantifies the résultant instability and not the actual size of the 
tear. When examining the SL joint with a Geissler I instability, 
a 1-mm hook probe placed through the MCU portai can be 
inserted between the scaphoid and lunate. In a grade II lésion 
the probe can be rotated 90° due to none to minimal instabil¬ 
ity from ligament atténuation but no tearing. This magnitude 
of instability was previously undetected since despite clinical 
symptoms, the imaging studies including MRI, plain x-rays, 
and dynamic motion studies are normal. In a grade III lésion 
abnormal scaphoid flexion and lunate extension produces a 
midcarpal step-off at the SL joint when viewed arthroscopi- 
cally. Ulnar déviation and grip view x-rays may show an 
increased SL gap. In a grade IV lésion there is a complété SLIL 
tear that allows one to pass the arthroscope from the midcar¬ 
pal joint to the radiocarpal joint through the diastasis. 


Scapholunate Ligament Injuries 

It has become clear that the stability of the SL joint is not 
dépendent wholly on the SLIL but rather on both primary 
and secondary stabilizers that form a scapholunate liga¬ 
ment complex (SLLC). 32 Each case of SL instability is unique 
and therefore should be treated with tissue-specific repairs, 
which may partly explain why 1 procedure cannot success- 
fully restore joint stability in every case. Wrist arthroscopy 
has a pivotai rôle in both the assessment and treatment of 
the SLLC dérangements. Elsaidi et al sequentially divided the 
RSC, LRL and SRL, the SLIL, and finally the dorsal capsule 
insertion on the scaphoid. 33 There was no appréciable change 
in the radiographie appearance of the wrist. When the DRCL 
was then divided, a dorsal intercalated segmentai instabil¬ 
ity (DISI) deformity occurred. Short et al determined that 
the SLIL is the primary stabilizer of the SL articulation and 
that the DRCL, the dorsal intercarpal (DIC) ligament, the 
ST ligaments, and the RSC ligaments are secondary stabiliz¬ 
ers. 34 Dividing the DRCL alone only caused increased radial 
déviation of the lunate with the wrist in maximum flexion, 
whereas dividing the SLIL after any of the ligaments tested 
produced increased flexion and ulnar déviation of the scaph¬ 
oid and lunate extension. The SL joint stability is therefore 
dépendent on a complex of ligaments, each having a sepa- 
rate rôle but working in concert. Any given reconstructive 
procedure should be designed for 1 spécifie function rather 
than multiple functions, which may be a reason for failure in 
some cases. Rather than grouping procedures into those that 
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provide sagittal plane stability versus those that provide 
coronal plane stability, it is préférable to consider the indi- 
vidual subcomponent(s) of the SLLC. The reconstructive 
procedures can be therefore grouped into those that stabilize 
the volar components of the SLLC (the palmar SLIL, RSC, 
ST ligaments), the dorsal components (dorsal capsule, dorsal 
SLIL, DRCL, DIC), and the interosseous component (SLIL) 
that is illustrated in the Venn diagram (Diagram 1). 

INDICATIONS 

Arthroscopic assessment of the SLLC is indicated in any 
patient with radial-sided wrist pain and with a positive scaph¬ 
oid shift test who has not responded to conservative measures. 
It is also indicated when there is a SL gap without a DISI defor¬ 
mity. It then guides the subséquent treatment by allowing the 
staging of the degree of in jury and the severity of instability. 

CONTRAINDICATIONS 

Complété and repairable SLIL tear s as well as static carpal insta¬ 
bilités are best managed with open techniques. Rosenwasser 
et al hâve treated complété but irréparable ligament tears 
with the réduction and association of the scaphoid and lunate 
(RASL) procedure, which uses a cannulated Herbert s crew to 
create a stable pseudarthrosis. 35 Hausman has reported favor¬ 
able results with an arthroscopic version of the RASL. 36 

SURGICAL TECHNIQUE: ARTHROSCOPIC 
DEBRIDEMENT 

Arthroscopic debridement alone is indicated for acute or 
chronic Geissler I and II lésions. Palmar tears are best seen 
through the VR portai (Fig. 18-9). 37 The tear is debrided to 
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FIGURE 18-9 Palmar tear of the scapholunate ligament (*) as seen 
from the VR portai. L, lunate; S, scaphoid. 


stable margins while preserving any intact fibers by switch- 
ing the arthroscope and resector between the VR, 3-/,4, and 
4-/,5 portais. Early wrist motion is instituted postoperatively. 
Dynamic wrist arthroscopy can be performed in a similar 
manner to motion studies under live fluoroscopy. With the 
scope in the 3-/,4 portai the wrist is taken out of traction 
and passively moved into flexion and extension and radial 
and ulnar déviation while observing the relative motion of 
the scaphoid and lunate. This same step is repeated with the 
scope in the MCU portai. The SL joint is then observed while 
performing a scaphoid shift test. Without traction one gets a 
better sense of the normal and pathologie wrist kinematics. 

SURGICAL TECHNIQUE: THERMAL SHRINKAGE 

The indications for thermal shrinkage are the same as for 
debridement, but it may hâve some use if there is an asso- 
ciated dynamic instability. The dorsal SLIL is treated using 
a thermal probe in the 4-/,5 portai. The palmar SLIL can 
be treated with the probe in the 3-/,4 portai while viewing 
through the VR portai. It is important to use rapid irrigation 
to limit possible thermal damage to the cartilage. The probe 
is applied using multiple strokes like a paintbrush for only 
a few seconds at a time. In the midcarpal joint, the radial 
limb of the arcuate ligament is seen at the palmar junction of 
the scaphoid and lunate. Danoff et al hâve shown this tissue 
actually represents a continuation of the palmar SLIL. 38 Short 
bursts of thermal energy to this tissue tighten the SL and 
scapholunocapitate articulations. 39 When midcarpal exami¬ 
nation reveals SL joint congruency without gapping, the 
thermal shrinkage is complété. K-wire fixation is often used 
following shrinkage for 8 weeks, foliowed by wrist motion. 

SURGICAL TECHNIQUE: ARTHROSCOPIC- 
ASSISTED PERÇUTANEOUS K-WIRE FIXATION 

In patients with partial tears without carpal malrotation 
(Geissler II), temporary K-wire fixation may improve SL 


stability. If necessary, individual K-wires can be inserted 
dorsally into the lunate and the distal scaphoid and used as 
joysticks to derotate the scaphoid and lunate. The K-wires 
should be introduced in a safe zone that is no more than 
4.5 mm dorsal to the first extensor compartment and within 
4.5 mm of the radial styloid. 3 A second K-wire is inserted 
between the distal scaphoid and the capitate. The réduction 
is checked with both fluoroscopy and arthroscopy. 

OUTCOMES 

The current available literature consists mostly of level IV, r et- 
rospective case sériés, with a short foliow-up and small num- 
bers. Despite this, some useful information can be gleaned. 

DORSAL SLLC 

O’Meeghan et al demonstrated that milder grades of instabil¬ 
ity do not necessarily culminate in a static carpal instability. 40 
At a 7-year folio w-up, 11 patients with untreated Geissler I 
or II SLIL injuries still showed no radiologie signs of instabil¬ 
ity, but they continued to expérience considérable pain, loss 
of motion, and functional limitation. In Whipples sériés of 
40 patients treated with arthroscopic r eduction and pinning, 
85% of patients with a <3-mm side-to-side SLgap and symp- 
toms of <3 months’ duration maintained comfort and stabil¬ 
ity at 2 to 7 years. 15 Only 53% of the patients with a >3-mm 
side-to-side SL gap or symptoms >3 months were symptom 
free at 1 to 3 years. This supported the concept that both the 
chronicity of the lésion and the degree of instability impact 
the eventual outcomes. 

Darlis et al treated 16 patients with a mean âge of 34 years, 
who had a Geissler I/II SLIL injury. 41 The average duration 
of pain was 5.4 months (range, 3-14 months). Each patient 
underwent debridement and thermal shrinkage of the SLIL 
and dorsal capsule, followedby 2 weeks of immobilization. At 
an average folio w-up of 19 months, there were 14 excellent/ 
good results and 2 fair/poor results using the modified Mayo 
wrist score. Others hâve reported similar outcomes. Darlis 
et al found that arthroscopic debridement and pinning 
provides inconsistent results with more advanced degrees 
of ligamentous instability. 42 They treated 11 patients with 
a Geissler III/IV SLIL instability with aggressive debride¬ 
ment down to bleeding bone and percutaneous pinning for 
4 to 8 weeks. Three patients failed within t he first year and 
required a partial carpal fusion. At the 3-year folio w-up, only 
6/11 achieved a good resuit without further révision surgery. 

Mathoulin et al reported the preliminary results of treat- 
ment of chronic Geissler II or reducible grade III lésions by 
an arthroscopic capsuloplasty between the SLIL and the dor¬ 
sal capsule. 43 Thirty-six patients with a mean âge of 38.5 years 
(range, 25-58 years) were treated with this technique, supple- 
mented by percutaneous pinning in the 16 patients with a 
grade III lésion. At a mean follow-up of 11.4 months (range, 
7-19 months) the mean DASH was 6.1 points (range, 0-100). 
Nineteen of the 22 patients reached 85% or more of the 
contralatéral wrist range of movement. Using the visual 
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analogue score (VAS) the mean preoperative pain was 3.4 
(range, 0-10) and the postoperative VAS was 0.31. The aver¬ 
age grip strength of the injured wrists was 96% of the con¬ 
tralatéral side. 

PALMAR SLLC 

Danoff et al reportedgood short-term outcomes in 7/8 patients 
with Geissler grade II SL instability after arthroscopic debride- 
ment and radio-frequency shrinkage of the palmar SLIL. 38 

INTEROSSEOUS SLLC 

Rosenwasser et al popularized the RASL procedure using a 
cannulated Herbert screw. 35 They recently reported excellent 
long-term results in 31 patients with a chronic static SL insta¬ 
bility at an average follow-up of 6.4 years (range, 16 months 
to 18.0 years). 44 The mean DASH score was 17.0 (range, 
0-50.8); the mean VAS was 1.65 (range, 0-7.3) with moder- 
ate activity. The results of an arthroscopic RASL (ARASL) 
were subsequently reported by Aviles et al in 7 patients aged 
28 to 77 years with static SL instability. 45 At a mean follow-up 
of 19 months, good pain relief was achieved in 6/7 patients 
with 1 failure in a patient with advanced radiocarpal and 
midcarpal OA. The total arc of wrist motion was reduced 
17.6%. The mean SL gap was reduced from 4.2 to 1.75 mm 
and the mean SL angle was reduced from 81.6° to 61.8°. 
The authors stressed that the key to a successful resuit was 
dépendent on proper screw placement. Caloia et al reported 
the results of an ARASL in 8 patients/9 wrists with a chronic 
reducible SL ligament tear. 46 The mean âge was 44.5 years 
(range, 38-56 years). At a follow-up of 34.6 months (range, 
12-43 months) the VAS improved from 5.4 (range, 0-10) 
preoperatively to 1.5 (1-3). The postoperative grip strength 
was 78% of the contralatéral side and the average postopera¬ 
tive wrist ROM was reduced by 20%. The SL angle decreased 
from 70.5° to 59.3°. Three patients required screw removal 
secondary to loosening or hardware irritation. 

THERMAL SHRINKAGE 

Hirsh et al treated 10 patients (mean âge, 37 years) having 
Geissler II SLIL injuries with shrinkage and 4 to 6 weeks 
of immobilization. Symptom duration was >6 months 
in 8 patients. At 28 months, the pain had resolved in 
9/10 patients. 47 Similarly, Shih and Lee studied 19 patients 
(mean âge, 23 years) with symptomatic dynamic and pre- 
dynamic SL instability présent for 17 months. At 28 months 
foliowing thermal shrinkage, 15/19 patients were fully satis- 
fied with the results and returned to their preinjury activity. 
Four patients had récurrent laxity of the SL joint. The loss 
of wrist motion averaged 5°. 48 Battistella et al divided 120 
patients into 4 groups. Group A consisted of20 patients with 
a Geissler I SLIL instability. 49 They were treated with ther¬ 
mal shrinkage alone. Group B consisted of 20 patients with 
a grade I instability treated with debridement alone. Group 
C consisted of 40 patients with a grade II or III instability 


treated with thermal shrinkage and pinning for 6 weeks. 
Group D consisted of 40 patients with a grade II or III insta¬ 
bility treated with debridement and pinning for 6 weeks. 
At an average of 24-month follow-up, patients treated with 
thermal shrinkage with and without pinning had superior 
Modified Mayo scores and less pain as compared with the 
debridement groups. 

Lunotriquetral Ligament Injuries 

INDICATIONS 

LTIL ligament tears often coexist with a TFCC tear and an 
ulnar positive variance. An LTIL debridement may be com- 
bined as necessary with TFCC debridement and a wafer 
resection or an open ulnar shortening osteotomy. 

CONTRAINDICATIONS 

Patients with static carpal instability may be staged 
arthroscopically, but they will usually require an open pro¬ 
cedure for definitive treatment. 


SURGICAL TREATMENT 

The 4-/,5 portai is the usual working portai, but superior 
views of the LTIL can be obtained through the 6R and 6U 
portais. Palmar tears of the LTIL are best seen through 
the VU portai (Fig. 18-10A and B). 5 They can also be seen 
obliquely through the 6U portai. Grade I tears are debrided. 
Grade II tears are treated with arthroscopic réduction, ther¬ 
mal shrinkage ± K-wire fixation for 8 weeks. Acute grade III 
tears are treated similar to grade II injuries, but consider 
open treatment for injuries >6 months old. Grade IV acute 
tears may be pinned in selected circumstances, but chronic 
injuries are usually beyond arthroscopic management. 

OUTCOMES 

If there is no instability, debridement alone can be successful. 
Ruch and Poehling reported the relief of mechanical symp- 
toms in 13/14 treated for membranous flap tears of the LTIL 
with no progression of instability at 34 months. 50 In their 
study of 43 patients, Weiss et al noted symptom improve- 
ment at 27 months with no evidence of a carpal instability 
pattern in 100% of patients with a partial LTIL tear versus 
78% with a complété tear. 51 

ARTHROSCOPIC DORSAL 
RADIOCARPAL LIGAMENT REP AIR 

In most sériés, the DRCL is overlooked during the standard 
arthroscopic since it is difficult to visualize through the stan¬ 
dard dorsal portais. The DRCL is best viewed through the 
VR portai due to the straight line of sight. 52 
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FIGURE 18-10 A. Palmar tear of the lunotriquetral ligament as seen from the VU portai using a dry technique. The ligament (*) is still attached 
to the triquetrum. DC, dorsal capsule; L, lunate. B. Dorsal tear of the lunotriquetral ligament as seen from the 6U portai using a dry technique. The 
membranous portion of the ligament (*) is still intact. L, lunate; T, triquetrum. 


Indications 

Isolated DRCL tears respond favorably to repair. Repairs may 
also be considered in cases where the associated interosseous 
ligament tear or TFCC tear can be treated arthroscopically. 

Contraindications 

If any associated interosseous ligament tear or carpal insta- 
bility requires open repair, the dorsal capsulotomy renders 
any separate DRCL repair unfeasible. 


Surgical Technique 

A VR portai is established as described. The DRCL is visual- 
ized just ulnar to the 3-/4 portai, underneath the lunate. Fluid 
irrigation and use of the hook probe will reveal the torn edge 
of the ligament. It can also be seen obliquely from the 6R por¬ 
tai (Fig. 18-11A and B). The torn edge may appear rounded 
in long-standing cases, which should not be confused with a 
redundant dorsal capsule. A 2-0 absorbable suture is passed 
through a curved spinal needle that is introduced through 
the 4-/,5 portai. The end of the suture is retrieved with a 
grasper in the 3-/,4 portai. After both ends of the suture are 




FIGURE 18-11 A. View from the VR portai using a dry technique demonstrating the torn edge of the DRCL (*) protruding into the joint space. 
L, lunate; R, radius. B. View from the 6R portai using a dry technique that provides oblique views of the torn DRCL (*). L, lunate; R, radius. 
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withdrawn, dorsal traction can be seen to pull the torn edge 
of the DRCL up against the dorsal. One suture is usually 
sufficient. A curved hemostat is used to pull either end of 
the suture underneath the extensor tendons, and the knot is 
tied either at the 3/-,4 or 4/-,5 portai after the wrist traction 
has been released (Fig. 18-12A-C). Following the repair, the 
patient is placed in a below-elbow cast with the forearm in 
neutral rotation for 4 weeks followed by wrist mobilization. 

Outcomes 

In my own sériés from 1998 to 2006, 64 patients under- 
went diagnostic wrist arthroscopy for chronic wrist pain 
or carpal instability. 53 DRCL tears were found at the time 
of arthroscopy in 35 patients or 55%. None of these tears 
could be identified preoperatively, by either examination or 
imaging studies. In 5 of the patients, the DRCL tear was the 
first manifestation of the carpal instability and was the sole 
cause of the wrist pain. Fourteen patients in this sériés had 
an SLIL instability and/or tear: 7/14 also had a DRCL tear. 
Seven patients had an LTIL instability and/or tear: 2/7 also 
had a DRCL tear. A DRCL tear was found in 1 of 2 patients 
with a capitohamate ligament tear. There were 9 patients 
with both a DRCL tear and a TFCC tear. Two or more lésions 
were présent in 23 patients; DRCL tears were présent in 
12/23 patients. At an average follow-up of 15.8 months, ail 
5 patients with an isolated DRCL tear had an excellent resuit 
with no or mild pain following an arthroscopic repair. When 
there were other intercarpal dérangements, the results were 
quite mixed and largely dépendent on the treatment of the 
associated pathology. 


MIDCARPAL INSTABILITY 

There are no arthroscopic findings that are diagnostic of 
midcarpal instability (MCI). Laxity of the LTIL may be 
seen, although this is not invariable. Midcarpal arthroscopy 
may reveal laxity of the triquetrohamate-capitate ligament 
(THCL), but this is difficult to gauge. Nonsurgical treat¬ 
ment consists of activity modification, NSAIDs, and splint- 
ing. Various pisiform support splints hâve been described. 
Definitive treatment of this condition ultimately requires 
surgical treatment. Lichtman et al hâve performed an open 
dorsal capsular reefing in milder cases. 54 Many authors rec- 
ommend a midcarpal arthrodesis as the definitive long- 
term solution for more severe cases. 55 Arthroscopic thermal 
shrinkage has enjoyed some success for milder cases. 56 

Indications 

Arthroscopy is indicated in MCI to rule out associated inter¬ 
carpal ligament pathology and to inspect the midcarpal joint 
to assess for chondral damage. Milder forms of MCI can be 
treated with a thermal capsulorraphy. 



FIGURE 18-12 Dorsal radiocarpal ligament repair. A. View from the 
VR portai demonstrating the torn edge of the DRCL (*) protruding into 
the joint space. L, lunate; R, radius. B. The suture is entering from the 
4-,/5 portai and being retrieved by a grasper in the 3-/,4 portai. C. Note 
how the suture (arrow) pulls the DRCL ( *) up against the dorsal capsule. 
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FIGURE 18-13 Arcuatelimb shrinkage. A. ViewfromtheMCU portai demonstratingthe radial limb (*) of the arcuate ligament. L, lunate; S, scaphoid. 
B. Following thermal shrinkage. L, lunate; S, scaphoid. 


Contraindications 

A static VISI, severe cases, and combined palmar and dorsal 
MCI are not amenable to arthroscopic treatment. Extrinsic 
MCI due to a dorsally malunited distal radius fracture is 
treated with a distal radius osteotomy. 

Surgical Technique of Arthroscopic 
Capsular Shrinkage 

The standard dorsal portais including 3-/,4 and 4-/,5, 6R, 
MCR, and MCU portais are used. A thermal probe is applied 
to the LRL and SRL and dorsal capsule using a stripe tech¬ 
nique, leaving sections of untouched ligament in between. 
The thermal probe is introduced through the MCR and 
applied to the radial limb (RSC), and ulnar limb (ulnocapi- 
tate, ulnotriquetral, and triquetrocapitate) of the arcuate 
ligament (Fig. 18-13A and B). A VR portai is established 
and the thermal probe is applied to the DRCL. The wrist is 
immobilized for 6 weeks. 

Outcomes 

There is a paucity of literature on the use of arthroscopy 
for MCI. Culp and coworkers reported their expérience of 

5 patients who underwent an arthroscopic capsular shrink¬ 
age. 56 The average âge was 33 (29-57) years. Foliow-up a ver- 
aged 9 months (3-18). The midcarpal clunk resolved in 

6 of the 8 patients with pain resolution. Range of motion 


decreased 20% in the flexion/extension plane, while grip 
strengths increased by an average of 15%. Mason and 
Hargreaves recently reported the results of a prospective 
study of 13 patients (15 wrists) with painful wrist clunk- 
ing due to palmar MCI who underwent arthroscopic 
thermal capsulorrhaphy after at least 6 months of failed 
conservative treatment. 57 The mean duration of symptoms 
was 5 years (8 months to 20 years). A thermal probe was 
applied to the arcuate ligament and the accessible parts of 
the dorsal capsule in both the radiocarpal and midcarpal 
joints. Postoperatively the patients’ wrists were splinted for 
6 weeks. At a mean follow-up of 42 months (14-67), com¬ 
plété resolution of the symptoms occurred in 4 patients and 
almost complété in the remaining 11 patients. The mean 
DASH score improved from 34 (13-67, SD 16) preopera- 
tively to 12 (0-48, SD 14) at the final follow-up. The ulnar 
shift test was négative in 12/14 wrists that were available for 
examination. Wrist movement was reduced by a mean of 
16° in flexion and 10° in extension in 9 wrists as compared 
with the opposite side, but there was no réduction in grip 
strengths. 


TRIANGULAR FIBROCARTILAGE TEARS 

Relevant Anatomy and Biomechanics 

The TFCC consists of the articular dise, the meniscus 
homologue, the palmar radioulnar ligament (PRUL) and 
DRUL, the ECUS, the ulnar capsule, and the ULL and ULT. 58 
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The PRUL and DRUL contain a superficial and a deep por¬ 
tion that are conjoined at the radius attachment. The super¬ 
ficial portion surrounds the articular dise but has no clear 
definable insertion into the ulnar styloid. The fibers of 
the deep portion of the DRUL and the PRUL interdigitate 
to form a conjoined tendon as they converge toward their 
insertion into the fovea at the base of the ulnar styloid along 
with the ulnocapitate ligament. Although Kauer noted that 
Henle and Fick originally designated the ligamentum sub- 
cruentum as a vascularized fissure between the ulnar styloid 
and the deep foveal fibers, 59 Kleinman has suggested that this 
term now refers to the deep fibers themselves. 60 The deep 
foveal fibers hâve a greater effect on rotational stability than 
the superficial fibers and may be a cause of DRUJ instabil- 
ity if detached. 61 With an intact foveal ligament attachment, 
patients still may suffer from a peripheral TFCC tear but 
they may not expérience the same instability as those with a 
total avulsion of the ulnar ligament attachments, which can 
be seen with an avulsion fracture of the entire ulnar styloid. 62 
When examined from a coronal perspective, the ulnar sty¬ 
loid lies relatively dorsal on the end of the ulnar head. The 
DRUL drapes over the dorsal aspect of the ulnar head as it 
converges toward the fovea. These factors limit the field of 
view and make it difficult to insert anything larger than a 
1.9-mm scope through a dorsal DRUJ portai. There is more 
room on the VU aspect of the DRUJ for insertion of an 
arthroscope with relatively unimpeded views of the proxi¬ 
mal articular dise and the foveal attachments. The dorsal 
DRUJ portais remain useful, however, for outflow and for 
instrumentation. 

Mechanism and Classification 

TFCC injuries may occur when the wrist is axially loaded 
in extension with carpal pronation, which occurs with a 
fall onto an outstretched hand or from a forceful rotational 
in jury or a distraction force. 61 Lindau et al found that TFCC 
tears occurred in 39/51 displaced distal radius fractures and 
that DRUJ instability was common at the 1-year follow-up. 63 
Palmer classified traumatic TFCC tears into 4 categories. 64 
A type IA lésion represents an isolated tear in the central 
portion of the articular dise. Type 2B lésions represent a 
peripheral TFCC tear, and it may be associated with DRUJ 
instability. Type IC lésions represent a disruption of the 
TFCC from the volar ulnocarpal extrinsic ligaments and 
may resuit in a supination deformity of the carpus on the 
ulna. Type 1D lésions represent avulsions of the TFCC from 
its radial attachment on the sigmoid notch and they are often 
seen with distal radial fractures. 

Diagnosis and Nonoperative Treatment 

Patients typically présent with ulnar-sided wrist pain and 
sometimes clicking, which is exacerbated by ulnar déviation 
and by forceful forearm rotation. Tay et al noted that tender- 
ness over the fovea has a sensitivity of 95% and specificity of 


86% in detecting foveal disruptions and/or split tears of the 
ULT. 65 Patients may hâve a positive TFCC compression test, 
which consists of pain with axial loading and ulnar dévia¬ 
tion. DRUJ stability should be tested with the forearm in pro¬ 
nation and supination, and the ulnar head should be checked 
for a positive piano key sign. 66 An associated LTIL ligament 
tear may demonstrate localized tenderness and a positive LT 
shear test. ECU subluxation should be ruled out. Most acute 
tears heal or become asymptomatic with immobilization for 
4 to 6 weeks. Cortisone injections may be of use in subacute 
cases. 

Ail patients should hâve AP and latéral views, including a 
pronated grip view to détermine the ulnar variance. 67 Double 
and triple row arthrography had been the standard for years, 
especially with digital subtraction, but it is no longer in vogue 
having been supplantedby 1.5T and 3.0T MRI. MR arthrog¬ 
raphy does not significantly improve the ability to evaluate 
the central disk of the TFCC with reported sensitivities of 
74% and specificity of 80%. CT arthrography is highly s ensi- 
tive for detecting central TFCC tears but is not accurate for 
peripheral tears. 68 Arthroscopy, however, remains the gold 
standard in both the diagnosis and treatment of TFCC tears. 

Indications 

Arthroscopy is indicated in patients who hâve failed 
3 months of nonoperative treatment unless there is associ¬ 
ated DRUJ instability, which should be addressed immedi- 
ately. 13 Repairable peripheral tears of the TFCC are either 
type IB lésions or type IC lésions. Symptomatic radial TFCC 
tears with a stable DRUJ may be treated with arthroscopic 
debridement alone, whereas those that are associated with 
DRUJ instability are repaired. Type IA lésions are debrided 
since they are in an avascular zone and are not amenable to 
suture repair. 

Contraindications 

Gross DRUJ instability, an arthritic radiocarpal joint, and 
ulnocarpal abutment preclude repair. TFCC tears that cannot 
be adequately reapproximated or reduced should undergo 
debridement to a smooth rim. 

Surgical Treatment—Traumatic 
TFCC Lésions 

TYPE IB LESIONS 

The arthroscope is placed in the 3-/,4 portai and either the 
4-/,5 or 6R portai is used for instrumentation. I also use a 
VU portai to facilitate triangulation of the instruments and 
to allow better visualization of the dorsal ulnar corner of the 
TFCC. Any synovitis obscuring the view is debrided. The site 
of the lésion is then defined to differentiate between a radial- 
sided tear, central tear, and a peripheral tear. If the ulnar head 
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FIGURE 18-14 Central TFCC tear. A. A central TFCCtear is seen from the 4-/5 portai after debridementbackto a stable rim (*) with exposure of 
theulnarhead (UH). B. A central TFCC tear is seen from the VU portai after debridementbackto a stable rim (*) following a wafer resection ofthe 
ulnar head (UH). 


is visible, then there is a central tear that is debrided back to 
a stable rim (Fig. 18-14A and B). The ulnar head is usually 
still covered with a peripheral tear. If no tear is seen but there 
is a loss of TFCC tension, a positive hook test and a foveal 
detachment may be présent (see below). This diagnosis is 
made through either a small capsulotomy or an inspection 
of the deep insertion through the volar DRUJ portai. If prés¬ 
ent, a direct open or ail arthroscopic foveal reattachment is 
necessary. 

Once a peripheral lésion is identified, it is debrided to pro¬ 
vide a stimulus for f ibrin clôt formation at the repair site. An 
outside-in technique described by Trumble et al uses either 
vertical or horizontal mattress sutures. 69 A 22-gauge needle 
is placed into the wrist joint at the level of the tear. A 1- to 
2-cm longitudinal dorsoulnar incision is then made centered 
over the needle and carried down to the wrist capsule, avoid- 
ing in jury to the DCBUN. An 18-gauge needle is passed j ust 
inferior (for horizontal tears) or radial (for vertical tears) 
to the torn edge of the TFCC. A 2-0 PDS suture (Ethicon, 
Somerville, New Jersey) is then threaded into the 18-gauge 
needle and retrieved with arthroscopic grasping forceps or 
a wire suture lasso through a separate puncture wound. The 
tissue bridge between the j ust inserted suture grasper and the 
18-gauge needle is the area over which the repair will be tied 
down. Two or 3 sutures are passed and tied with the traction 
released (Fig. 18-15A-C). The patient is placed in an above- 
elbow splint with the wrist in neutral for 4 weeks, foliowed by 
a below-elbow splint for an additional 2 weeks. After 6 weeks, 
passive range of motion exercises and gentle strengthening 
are instituted with a return to full activities after approxi- 
mately 10 to 12 weeks. 


TYPE IC LESIONS 

The type IC tear is a rare lésion and consists of a rupture 
along the volar attachment of the TFCC or tears from the 
ULL and ULT ligaments. More proximal split tears may be 
amenable to arthroscopic repair if the ligamentous in jury is 
vertically oriented, but distal transverse tears or avulsion of 
the ULT ligament off the triquetrum require open treatment. 
If the lésion is repairable, Culp et al describe making a 1-cm 
incision volar to the ECU tendon in the area of the triqu- 
etral snuffbox. 13 Needles are passed through the capsule in 
the area of the defect in the ulnar extrinsic ligaments. The 
looped sutures of 2-0 PDS are then brought out and tied over 
the capsule. Atténuation of the ULL and ULT may require 
a tenodesis procedure as described by Moskal et al. 70 Tay 
et al described an arthroscopic repair of longitudinal split 
tears of the ULT, which were not recognized in the Palmar 
classification. 65 


TYPE 1D LESIONS 

The scope is placed in the 4-/,5 portai or the VU portai. The 
radial-sided tear is debrided back to stable edges, and t hen 
a curette or burr is used to roughen the sigmoid notch. An 
arthroscopic cannula is inserted through the 6U portai. 
Under direct vision a 2.5-mm drill bit is advanced through 
the cannula and into the sigmoid notch, angling toward 
the radial metaphysis. Two separate drill holes are made. A 
double-armed meniscal repair needle with a 2-0 absorbable 
suture is then threaded through the cannula. The first needle 
is inserted through the radial edge of the TFCC approximately 
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FIGURE 18-15 Dorsoulnar TFCC tear. A. View of a 22-gauge needle 
from the VU portai inserted through the dorsoulnar rim of a TFCC 
tear. B. View of the suture from the 3-/4 portai. C. View of the suture 
from the VU portai. 


5 mm from the tear, then advanced through the drill hole, 
and brought out through the proximal and radial side of the 
wrist. The second needle is then advanced in a similar fash- 
ion through the TFCC edge and the s econd drill hole. A small 
skin incision is made between the first and second compart- 
ments while protecting the SRN, and the sutures are tied with 
the traction released. More recently I hâve used a cannulated 
drill bit and then inserted both of the sutures through the 
same drill hole, which are then tied over the latéral peri- 
osteum and fixed with a push-lock screw. The repair is 
inspected arthroscopically and additional sutures are placed 
as necessary (Fig. 18-16A-C). The patient is immobilized in a 
Munster splint allowing elbow flexion but restricting forearm 
rotation for 4 weeks, foliowed by wrist mobilization. 

Debridement 

The setup and portais are identical to that of a repair. A 
motorized shaver or a thermal probe is inserted through the 
6R or 6U portai to débridé any synovitis and to smooth the 
edges of the defect. Unstable flaps are resected using small 
joint suction punches. Once the arthroscopic procedure 
is complété, the wrist is reexamined to rule out any DRUJ 
instability. A wrist splint is worn for comfort for 4 weeks fol- 
lowed by graduai strengthening. 

Outcomes 

Reiter et al reviewed the results of an inside-out arthroscopic 
repair of Palmer B tears in 46 patients. 71 The average âge was 
34 years (range, 10-58 years). The average foliow-up was 
11 months (range, 6-23 months), and the delay to surgery 
was 9.7 months. Postoperative ROM averaged 128° ± 23° for 
the extension/flexion arc, 41° ± 11° for the radial/ulnar dévi¬ 
ation arc, and 171°±19°for the pronation/supination arc of 
motion. However, no relation could be found between ulna 
length and clinical outcome. The modified Mayo wrist score 
was rated excellent in 22% of patients, good in 41%, fair in 
27%, and poor in 10%. The average DASH score was 21.70 ± 
17.17 (range, 0-58.33). A delay to surgery did not affect clini¬ 
cal outcome. 

Estrella et al reviewed 35 patients who underwent an 
arthroscopic TFCC repair. 72 The average âge was 33 years 
(range, 13-51 years). The average folio w-up was 39 months 
(range, 4-82 months). TFCC tears were classified by the 
Palmer classification as follows: IB (11), IC (5), and ID (1). 
The remaining 18 were not classified according to the Palmer 
classification. Seventy-four percent of patients had réduction 
in pain after surgery, with improvement in grip strength and 
daily activities (P <.05). The modified Mayo wrist score was 
excellent in 54%, good in 20%, fair in 12%, and poor in 14%. 
Nineteen of 28 working patients returned to their original 
work. Ulnar nerve dorsal branch neuritis occurred in 17%. A 
“second-look” arthroscopy was performed on 9 patients with 
healing shown in 7. Additional procedures were performed 
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FIGURE 18-16 Radial TFCC tear. A. View of a radial TFCC tear from 
the 4-/5 portai. SN, sigmoid notch. B. Burring of the sigmoid notch 
(SN). C. View of the completed repair after tying the suture (arrow). 


on 10 patients (29%) to improve the functional outcome. 
Tatebe et al performed second-look arthroscopies in 32 
patients with central TFCC tears treated with an ulnar short- 
ening osteotomy. 73 

Ail arthroscopic repairs hâve been previously reported, 
but clinical sériés are lacking. Yao and Lee, however, recently 


described the use of the FasT-Fix suture device (Smith and 
Nephew Endoscopy, Andover, Massachusetts), which uses 
2 absorbable poly-l-lactate (PLLA) blocks that are depos- 
ited outside the capsule. 74 There were 12 patients with 
Palmer IB tears with a mean âge of 42 years (range, 19-69) 
who underwent repair followed by an above-elbow cast for 
6 weeks. At a mean follow-up of 17.5 months (range, 11-27), 
11/12 patients demonstrated excellent subjective outcomes 
with a mean QuickDASH score of 11 (range, 0-43) and a 
mean PRWE score of 19 (range, 2-53). The wrist motion was 
normal and the mean supination was 78° (range, 60°-90°), 
with a mean grip strength of 64% (range, 38%-86%) of the 
other side. One patient required an ulnar shortening at 1 year 
for persistent pain. 

Osterman presented his results on a rétrospective study 
of 19 patients with Palmer class ID TFCC lésions without 
DRUJ instability that compared the clinical outcomes after 
TFCC reattachment versus debridement. 75 He concluded 
that debridement was equally effective as repair in alleviat- 
ing wrist pain, improving grip strength, and restoring range 
of motion. 

Nakamura identified 4 different types of radial TFCC 
tears. 76 Those that in volve the central dise only are stable 
and can be treated with debridement. Those that in volve a 
tear of the volar and/or DRULs can cause DRUJ instability 
and require repair. If the DRUJ is unstable with noticeable 
clunking during forearm compression and passive rota¬ 
tion, then the ulnar styloid fracture should undergo internai 
fixation. 


FOVEAL TEARS 

The diagnosis of a foveal tear requires a high index of sus¬ 
picion since it cannot be seen through the standard radio- 
carpal portais. Ruch et al first described the hook test as an 
indirect method to test the foveal insertion of the TFCC. 77 
If the TFCC can be pulled dorsally and radially with a 
hook probe, this is indicative of a foveal detachment. This 
has been recently confirmed by Tay et al 65 and Atzei et al. 78 
With these methods, however, one must ultimately perform 
a DRUJ capsulotomy to directly observe the foveal fibers 
in order to definitively make the diagnosis. MR imaging can 
detect these tears in some instances, but this requires not 
only a high-power magnet with a dedicated wrist coil and 
a high-resolution grid with a narrow field of view but also 
an experienced musculoskeletal radiologist who can inter- 
pret these findings. Amrami and Felmlee recently described 
an MRI technique to evaluate DRUJ instability that corre- 
lated well with a foveal tear. 79 They found that subluxation 
of the ulnar head relative to the sigmoid notch of the radius 
on the MRI, with the wrist in pronation, is a predictor of 
tears of the foveal attachment of the TFCC. Thirty-four 
patients with intraoperatively confirmed foveal tears had a 
mean dorsal ulnar subluxation measurement of 16% ± 4%, 
whereas the 11 Controls had a mean subluxation measure¬ 
ment of 5% ± 4%. 
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I hâve been using a VDRU portai to assess the deep foveal 
fibers directly. 80 A 2-cm longitudinal incision is made cen- 
tered over the proximal wrist crease along the ulnar edge of 
the finger flexor. The tendons are retracted to the radial side 
and the radiocarpal joint space is identified with a 22-gauge 
needle. The capsular entry point lies 5 to 10 mm proximal to 
the ulnocarpal joint. A 1.9-mm small joint arthroscope can 
be used since gaining access to the DRUJ can be difficult, 
especially in a small wrist, but I hâve found that a standard 
2.7-mm scope provides a better fïeld of view. Initially, the 
DRUJ space appears quite confined, but over the course of 
3 to 5 minutes the fluid irrigation expands the joint space, 
which improves visibility. A burr or thermal probe can be 
substituted for the 3-mm hook probe through the dorsal 
DRUJ portai as necessary. Gross DRUJ instability or chronic 
foveal tears greater than 6 months in duration are not ame- 
nable to a foveal repair and require some type of open liga¬ 
ment reconstruction (Fig. 18-17A-C). 

Atzei and Luchetti published a new classification for 
foveal TFCC repairs as well as an arthroscopically assisted 
(AA) open reattachment technique. 81 They reviewed 
18 patients with a mean âge of 34.2 years. Ail patients had a 
history of trauma and complained of pain in the ulnar fovea 
with clinical signs of slight (10 patients) to mild (8 patients) 
DRUJ instability. At arthroscopy, 14 patients had a com- 
bined Palmer type IB peripheral tear and a foveal disruption 
(class 2), while 4 patients had an isolated foveal tear (class 3). 
Ata mean follow-up of 18 months, 94% of the patients had 
an excellent or good resuit using the modified Mayo wrist 
score with increased range of motion (90.7%-96% of the con¬ 
tralatéral side) and improved grip strength (73%-90% of t he 
contralatéral side). The VAS decreased from 8.3 to 1.2 and 
the average DASH score was 10.5. 

Type 2: Degenerative TFCC Lésions 
(Ulnocarpal Impaction Syndrome) 

Degenerative central tears of the articular disk occur more 
frequently with advancing âge. I n a cadaver study of 180 wrist 
joints, Mikic noted an incidence of 53% over âge 60 as com- 
pared with 7% in the third decade. 82 Clinical expérience 
has shown, however, that not ail of these tears are symp- 
tomatic. Most symptomatic degenerative tears of the TFCC 
are related to chronic overloading of the ulnocarpal joint. 
Primary ulnar impaction syndrome is related to an increased 
ulnar variance. Viegas and Ballantyne dissected 100 cadaver 
wrists and found a 73% incidence of TFCC tears in spéci¬ 
mens with an ulnar positive variance versus 17% when 
there was a négative ulnar variance. 83 Acquired ulnar posi¬ 
tive deformities can occur with distal radius fractures that 
heal with radial shortening, distal radial growth arrest, and 
Galeazzi fractures. Ulnar impaction may also be dynamic 
and occur with power grip in the pronated position. 84 This is 
because of the approximate 1.95 cm of radial shortening that 
occurs as the radius rotâtes across the ulna during pronation 
that leads to a dynamic impingement. Ulnocarpal impaction 




FIGURE 18-17 View from the VDRU portai. A. View of the intact 
deep fibers of the TFCC (+). UH, ulnar head. B. The needle is in the 
dorsal DRUJ and is used to tense the foveal attachment (*). DC, dorsal 
capsule. C. Chronic tear demonstrating an absence of the foveal fibers. 
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syndrome consists of the triad of a TFCC tear, a LT liga¬ 
ment tear, and an ulnar positive variance, which is treated 
by unloading the ulnocarpal joint. This can be accomplished 
with an arthroscopic wafer resection. In a biomechanical 
study, excision of 3 mm of subcondylar bone decreased the 
force transmitted across the ulnar headby 50%; further bone 
resection did little to decrease this force farther. 85 The goal is 
to resect sufficient ulna to produce a 2-mm négative ulnar 
variance. 

In Palmer classification, degenerative TFCC tears are 
subdivided into 5 categories: type 2A, wearing of the TFCC 
without perforation or chondromalacia; type 2B, wearing 
of the TFCC with chondromalacia of the lunate or ulna; 
type 2C, true perforation of the TFCC with lunate chondro¬ 
malacia; type 2D, TFCC perforation plus lunate and/or ulnar 
chondromalacia and LTIL tears without carpal instability; 
type 2E, TFCC perforation with an LTIL tear and ulnocarpal 
arthritis. 

Surgical Treatment—Degenerative 
TFCC Lésions 

TYPES 2A AND 2B 

Symptomatic incomplète TFCC tears are treated with 
debridement. Osterman and Terrill recommend an open 
ulnar shortening osteotomy with these lésions. 86 

Tomaino and Elfar hâve reported good results with an 
arthroscopic TFCC dise excision and wafer resection for 
the treatment of ulnar abutment before a TFCC tear has 
occurred. 84 

TYPE 2C 

After an initial arthroscopic radiocarpal and midcarpal sur- 
vey, the scope is placed in the 4-/,5 portai. The 6R and 6U 
portais are used for instrumentation, although it is useful 
to assess the completeness of ulnar head resection with the 
scope in the 6U portai (Fig. 18-18A and B). The VU por¬ 
tai may also be used for viewing while the burr is placed in 
the 4-/,5 or 6R dorsal portai since this increases the space 
for triangulation of the instruments. Rapid irrigation is 
needed to clear the débris. The edges of the TFCC tear are 
debrided back to stable margins. A 2.9-mm burr is then used 
in a back-and-forth motion to resect 2 to 3 mm of the ulnar 
head. The diameter of the burr can be used as a gauge of the 
amount of bony resection, but this should also be checked 
fluoroscopically. The arm must be pronated and supinated 
in order to avoid leaving a shelf of bone. Care must be taken 
to avoid injury to the deep foveal insertion of the TFCC as 
well as the sigmoid notch. I hâve performed a wafer resec¬ 
tion through the DRUJ portais. 87 This allows f or a more con¬ 
servative TFCC debridement since the ulnar head resection 
is performed underneath the TFCC tear and not through 
it. The DRUJ wafer resection also facilitâtes préservation of 
the volar and DRULs as well as the deep foveal attachment. 
Postoperatively the patient is placed in a below-elbow splint 



FIGURE 18-18 Arthroscopic wafer resection. A. The completeness of 
the wafer resection of the ulnar head is viewed from the 6U portai with 
the burr in the 4-/,5 portai. B. AP x-ray demonstrating the amount of 
bony resection (arrow). 


for 4 weeks and started on protected range of motion includ- 
ing pronation and supination. 

TYPES 2D AND 2E 

The status of the LT joint détermines whether open or 
arthroscopic methods are indicated. With a Geissler III, LTIL 
instability, the LT joint can be pinned or it can be stabilized 
with an arthroscopic plication of the ulnocarpal ligaments. 65 
The TFCC tear is debrided and the joint is unloaded with a 
wafer procedure or open ulnar shortening. A below-elbow 
cast is applied for 6 to 8 weeks foliowed by pin removal and 
mobilization. With a Geissler IV LTIL instability, an open 






240 


Section II Carpus 


ligament repair or reconstruction with the ECU tendon is 
often needed. 88 


Outcomes 

In a study by Bernstein et al on ulnar impaction syndrome, 
11 patients treated with arthroscopic TFCC debridement and 
arthroscopic wafer resections were compared with 16 patients 
who were treated with arthroscopic TFCC debridement and 
an open ulnar shortening. 89 At mean follow-up times of 21 
and 15 months, respectively, 9/11 patients showed good to 
excellent results after arthroscopic treatment as compared 
with 11/16 following an open ulnar shortening. The authors 
concluded that a combined arthroscopic TFCC debridement 
and wafer procedure provides similar pain relief and resto- 
ration of function with fewer secondary procedures when 
compared with an open shortening. Tatebe et al performed 
75 ulnar shortening ostéotomies for ulnar wrist disorders. 73 
There were 32 tears that involved the central, avascular zone 
of the TFCC dise. At the time of a second-look arthroscopy 
16 of these tears were found to be healed, demonstrating that 
the avascular zone of the TFCC possesses some potential for 
healing, but factors promoting spontaneous repair of this tis- 
sue were not identified. 


PROXIMAL POLE OF HAMATE 
RESECTION 

Cartilage érosion of the proximal pôle of the hamate is 
a common site of arthrosis within the wrist. Viegas et al 
described 2 types of lunate morphology: type I, in which 
there was no médial facet, was évident in 34.5% of the dis- 
sected specimens and type II, in which there was a médial 
(hamate) facet, was évident in 65.5% of the dissected speci¬ 
mens. 90 Significant cartilage érosion at the proximal pôle 
of the hamate (Fig. 18-19), which was not identifiable by 
radiographs, was évident at dissection in 44.4% of the type II 
lunates but 0% of the type I lunates. 91 Harley et al noted a 
strong association between hamate arthrosis and LTIL tears 
and coined the acronym “HALT” or hamate arthrosis lunate 
ligament tear. In a biomechanical study they found that 
resection of 2.4 mm of the proximal hamate pôle completely 
unloaded the hamatolunate articulation. 92 

Indications 

Arthroscopy is indicated in patients with persistent ulnar- 
sided wrist pain who hâve failed an adéquate trial of con¬ 
servative treatment. The history and physical findings are 
not diagnostic of this condition. Occasionally one might 
find cystic change of the proximal hamate pôle on x-ray or 
marrow edema on an MRI. Most often the condition is diag- 
nosed at the time of arthroscopy and is found in association 
with other ulnar-sided wrist pathology. 



FIGURE 18-19 View of chondromalacia (*) on the proximal pôle of 
the hamate (H). 


Contraindications 

Inflammatory arthritis or autoimmune disease that involves 
the wrist is a contraindication. Resection of the proximal 
hamate in a patient with minimal or focal chondromalacia is 
controversial. Patients with diffuse degenerative change and/ 
or interosseous ligament tears will hâve compromised out¬ 
comes and may be more suitable for partial fusions or PRC. 

Surgical Treatment 

With the arthroscope in the MCR portai, a 2.7-mm full 
radius resector and a 2.9-mm burr are placed alternately into 
the MCU portai. After the subchondral bone of the proximal 
hamate has been exposed with the shaver, 2 to 4 mm of the 
proximal pôle of the hamate can be excised using the burr. It 
is often necessary to view through the MCU portai in order 
to clearly visualize the full extent of resection, which is con- 
firmed fluoroscopically. Any associated LTIL or TFCC tears 
are treated concomitantly as described above. 

Outcomes 

Harley et al examined 21 patients at an average of 4.7 years 
postoperative. 92 Eighteen patients had good or excellent 
results. There were 1 fair and 2 poor results using a modi- 
fied Mayo wrist scale. Ail 14 patients with isolated HALT 
pathology had good or excellent results following a hamate 
resection. Four of 6 patients with TFCC perforations, LTIL 
tears, and midcarpal synovitis had good or excellent results, 
whereas only 1 of the 2 patients with LTIL, TFCC, and SLIL 
tears achieved these outcomes. No patients with préexis¬ 
tent radiocarpal arthritis (scaphoid or lunate facet of distal 
radius) had good or excellent outcomes. 
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RADIAL STYLOIDECTOMY 
Indications 

Radial styloidectomy is an early salvage procedure that 
may provide short-term relief of mechanical pain from 
radial styloid impingement. It is an acceptable alternative 
to more aggressive procedures in patients with low func- 
tional demands or those who wish to defer more definitive 
treatment by means of a PRC or limited wrist fusion. Radial 
styloid impingement due to a SLAC or scaphoid nonunion 
advanced collapse (SNAC) wrist is a common indication, 
although it has been used following an STT fusion. 

Contraindications 

The main risk following a radial styloidectomy is ulnar trans¬ 
location of the carpus. Nakamura et al observed significantly 
increased radial translation with ulnar and palmar carpal 
displacement after 6- and 10-mm radial styloidectomies and 
therefore recommended a styloidectomy of no more than 
3 to 4 mm. 93 Patients who do not hâve an intact RSC ligament 
are at risk for ulnar translocation and are not candidates for 
this procedure, especially if a PRC is contemplated. Ulnar 
translocation is a frequent sequela of long-standing rheuma- 
toid disease; hence, any patient with chronic wrist involve- 
ment is a poor candidate for this procedure. 

Surgical Treatment 

This is 1 procedure where the l-/,2 portai is particularly 
helpful for debridement (Fig. 18-20A-C). The author also 
uses the VR portai interchangeably with the 3-/,4 portai in 
order to gain complété access to the dorsoradial aspect of 
the styloid. The origins of the RSC and LRL on the distal 
radius mark the ulnar extent of the resection. The diameter 
of the burr will give a rough guide as to the amount of bony 
resection, but this needs to be confirmed fluoroscopically. 
Enough bone should be resected so that there is no residual 
impingement between the scaphoid and the radial styloid 
when the wrist is radially deviated with the traction released. 
Postoperatively the patient is splinted for the first week fol- 
lowed b y progressive wrist motion and strengthening. 

PROXIMAL ROW CARPECTOMY 
Indications 

PRC is another motion-preserving salvage procedure for 
wrist arthritis that may be performed arthroscopically. It is 
indicated for a wide range of conditions that culminate in 
radiocarpal arthrosis including long-standing SL instability, 
scaphoid nonunion, chronic unreduced lunate/perilunate 
dislocation, and early Kienbôck disease. The potential 



FIGURE 18-20 A. Surface landmarks for 1,2 portai. ECRL/B, exten- 
sor carpi radialis longus/brevis; RS, radial styloid; S, scaphoid. B. View 
from the l-/,2 portai, probe is in the VR portai. Note the chondroma- 
lacia (*). C. Abrader introduced through l-/,2 portai as seen from the 
VR portai. 
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advantages of an ail arthroscopic PRC (APRC) include avoid- 
ing the need for a capsulotomy with reduced pain and scar- 
ring and relative sparing of the capsular ligaments. 

Contraindications 

A prerequisite for this procedure is a preserved lunate fossa. 
An unstable carpus that is common in rheumatoid patients 
or previous radial styloidectomy of more than 4 mm is a rela¬ 
tive contraindication due to the risk of ulnar translocation. 

Surgical Treatment 

An initial arthroscopic survey is performed to assess the 
cartilage on the lunate fossa and proximal pôle of the capi- 
tate. Then an arthroscopic ARPC is performed through 
the midcarpal portais, initially with a 3.0-mm arthroscopic 
burr introduced through the MCR portai, with the MCU 
portai used for viewing. The burr is used to decorticate the 
médial corner of the scaphoid at the midcarpal SL joint, 
with care being taken not to injure the articular cartilage 
of the head of the capitate. Once an adéquate portion of the 
corner of the scaphoid is removed, a larger 4.0-mm burr 
is substituted. The scaphoid is then removed from ulnar 
to radial and distal to proximal. The STT portai is used to 
facilitate removal of the distal pôle of the scaphoid while 
viewing in the MCR portai. After scaphoid excision, the 
arthroscope is placed in the STT or MCR portai. The burr 
is placed in an enlarged MCR or MCU portai, and then the 
lunate (distal to proximal) and triquetrum (distal to proxi¬ 
mal) are sequentially removed. Confirmation of a complété 
APRC is made with fluoroscopy. Traction is then released, 
and arthroscopy and fluoroscopy are used to confirm seat- 
ing of the head of the capitate in the lunate fossa. If there is 
residual radiocarpal impingement with radial déviation of 
the wrist, an arthroscopic radial styloidectomy can be per¬ 
formed, with the burr in the 1/2 portai and the arthroscope 
in the 3/4 portai. Postoperative motion is started immedi- 
ately. The wrist is immobilized in a cast for approximately 
4 to 5 weeks, followed by protected wrist motion, and then 
strengthening. 

Outcomes 

This is an uncommon procedure. Weiss et al reported their 
results in 16 patients who underwent an APRC. 94 At an 
average follow-up of 24 months (range, 12-48 months), the 
mean flexion-extension arc was 94° (range, 50°-130°), the 
average radial-ulnar déviation arc was 40° (range, 20°-55°), 
and the average maximum grip strength was 81% of the con¬ 
tralatéral side. Five patients reported no pain, 5 had mild 
pain, and 6 had moderate pain. The authors noted however 
that the results were comparable but not superior to an 
open PRC. 


DISTAL SCAPHOID RESECTION 
FOR SCAPHOID NONUNION 

Indications 

Distal scaphoid resection can be regarded as a temporizing 
procedure for a chronic scaphoid waist nonunion that is not 
amenable to internai fixation. It can relieve pain by alleviating 
the painful mechanical impingement between the hypertro¬ 
phie distal pôle and the radial styloid. It is especially indi- 
cated idéal when the cartilage degeneration and osteophyte 
formation and deformity are confined mainly to the radial 
styloid. It enables early wrist motion and does not burn any 
bridges with regards to more definitive salvage procedures. 

Contraindications 

Advanced degenerative change involving the entire scaphoid 
fossa or the capitolunate joint is a contraindication to this 
procedure. An intact SL ligament and RSC ligament are pre- 
requisites to the procedure in order to minimize the risk of 
a DISI deformity. 

Surgical Technique 

The patient is positioned supine under general anesthésia 
with the arm abducted under tourniquet control. The thumb 
is suspended by finger traps with 10 lb of countertraction. 
Intraoperative fluoroscopy is employed to assess the adequacy 
of bone resection and for locating the portais as needed. The 
arthroscopic scaphoidectomy is performed through the mid¬ 
carpal joint. With arthroscope introduced in the MCU por¬ 
tai, a 2.0-mm shaver is inserted into the MCR portai and 
used to débridé the nonunion site. The STT-U portai is use- 
ful for distal 1/3 nonunions. A 2.9-mm and then a 3.5-mm 
arthroscopic burr are inserted into the MCR or STT-U portai 
and used to resect the distal scaphoid fragment starting at the 
nonunion site and moving toward the distal tubercle until the 
articular surfaces of the trapezoid and trapezium can be seen 
(Fig. 18-21A-D). Rapid fluid irrigation and intermittent suc- 
tion is used to remove the débris. In order to protect the adja¬ 
cent chondral surfaces, the cancellous bone of the fragment 
can be resected from the inside while preserving the outer 
cartilage shell, which can then be removed piecemeal with 
arthroscopic forceps or a small rongeur. Fluoroscopy is used to 
monitor the completeness of resection. An arthroscopic radial 
styloidectomy can be added if residual impingement is noted. 

Outcomes 

Most of the reports involve an open resection of the distal 
scaphoid fragment for a chronic scaphoid nonunion. Ruch 
et al reported good pain relief in 3 patients with a chronic 
scaphoid nonunion associated with avascular necrosis fol- 
lowing an arthroscopic resection of the distal scaphoid 
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FIGURE 18-21 Arthroscopic distal scaphoid resection. A. AP x-rayviewshowingrelative positions of the arthroscope and burr. B. View of the unsta- 
ble distal scaphoid pôle (*) from the MCU portai. C. View of a partial resection of the distal pôle. D. AP x-ray viewshowing the completed resection. 


combined with arthroscopic radial styloidectomy. 95 His 
group then reported the outcomes in 13 patients with persis¬ 
tent scaphoid nonunion after previous unsuccessful surgical 
treatment. 96 The authors performed an initial arthroscopic 
survey to assess the degree of cartilage loss and perform a 
limited debridement of any partial SLIL tears. They then per¬ 
formed an open resection of the distal pôle. Eleven patients 
achieved complété pain relief while 2 patients had mild 
pain only during strenuous activity. The mean wrist flexion 
improved by 23° and extension increased by 29°. The post- 
operative DASH was 25 ± 19 points. There was a significant 
increase in the radiolunate angle, indicative of a dorsal inter- 
calated segment instability deformity in 6 patients. 


ARTHROSCOPIC ASSISTED FIXATION: 
DISTAL RADIUS 

Indications 

More than 2 mm of articular displacement or gap is a typical 
indication for surgical treatment. Isolated radial styloid frac¬ 
tures and simple 3-part fractures are most suited to this tech¬ 
nique. Displaced intra-articular fractures of the distal radius 
are often associated with unrecognized intra-articular soft 
tissue injuries; hence, a suspicion of a significant acute SLIL 
or LTIL tear or DRUJ instability due to a suspected TFCC 
tear is an additional indication. Traction views will help to 
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sort out the fracture anatomy. It is the authors preference to 
perform a CT scan along with coronal views to rule out an 
unrecognized sagittal split as well as to assess the congruency 
of the sigmoid notch. 

Contraindications 

Large capsular tears that carry the risk of marked fluid 
extravasation, active infection, neurovascular compromise, 
and distorted anatomy are some typical contraindications. 
Marked metaphyseal comminution, shear fractures, and 
volar rim fractures require open treatment, although the 
arthroscope can be inserted to check the adequacy of the 
joint réduction. Due to the risk of late collapse, adjuvant 
internai fixation with locking plates is advised in elderly and 
ostéopénie patients since fracture site settling may occur for 
up to 6 months. 97 

Surgical Treatment 

Intraoperative fluoroscopy is used frequently throughout 
the case, with the C-arm positioned horizontal to the floor. 
I prefer to use much of the procedure without fluid irriga¬ 
tion using the dry technique of del Pinal et al, 98 which élimi¬ 
nâtes the worry of fluid extravasation. Intermittent fluid 
irrigation is used with a 10-cm 3 syringe while the field is 
kept dry with a suction on the shaver. The working portais 
include the VR and 6R portais for fracture visualization and 
the 3-/,4 portai for instrumentation, but ail of the portais 
are used interchangeably. 

RADIAL STYLOID FRACTURES 

It is easiest to obtain the réduction through ligamentotaxis 
while the arm is suspended in the traction tower. A Freer 
elevator may also be placed in the fracture site to facilitate 
this step. A 1 -cm incision is made over the styloid to prevent 
in jury to the SRN, and two 0.62-mm K-wires are inserted for 
manipulation of the styloid fragment. The fracture site is best 
assessed by viewing across the wrist with the scope in the 
6R portai, in order to gauge the rotation of the styloid. The 
K-wires are used as joysticks to manipulate the fragment, 
and then 1 K-wire is driven forward to capture the réduction. 
One or 2 cannulated screws are used to stabilize the fracture 
fragment (Fig. 18-22A-C). 

THREE- AND 4-PART FRACTURES 

Three-part fractures are composed of a radial styloid frag¬ 
ment and a médial or lunate fragment. The radial styloid 
fracture is reduced and pinned as above. It is then used as a 
landmark to which the depressed lunate fragment is reduced. 
An elevator, shoulder arthroscopic hook probe, or large pin 
is inserted percutaneously to elevate the lunate fragment. 
Tenaculum forceps with large jaws are used to hold the 
réduction and to prevent crushing the SRN. The réduction 



FIGURE 18-22 Arthroscopic-assisted fixation of radial styloid frac¬ 
ture. A. Viewof the radial styloid fracture (*) from the 6R portai, using 
a dry technique. L, lunate. B. Following réduction and screw fixation. 
L, lunate; S, scaphoid. C. AP x-ray view following screw fixation. 
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is captured with horizontal subchondral K-wires, stopping 
short of the DRUJ. Mehta et al described a 5-level algo- 
rithm for reducing the fracture fragments." This included 
the “London technique” where the K-wires were advanced 
through the distal ulna into the subchondral distal radius 
and withdrawn from the radial aspect so that they do not 
encroach on the DRUJ. The VR portai aids in the réduction 
of any dorsal die-punch fragments. 

In 4-part fractures, the lunate facet is split into volar and 
dorsal fragments. The radial styloid fragment is reduced 
with ligamentotaxis and temporarily held with K-wires. The 
volar médial fragment must usually be reduced through an 
open incision since wrist traction rotâtes this fragment and 
prevents réduction by closed means. An FCR volar approach 
or a limited VU incision can be made. The volar médial frag¬ 
ment is reduced under direct observation by pinning it back 
to the shaft and the radial styloid fragment. A standard lock- 
ing volar plate or 2.4-mm volar locking plate is provision- 
ally applied and held with K-wires. The réduction is checked 
through the 6R and VR portais and any fine-tuning of the 
réduction is performed before the distal locking screws are 
inserted. A small locking dorsal plate can be applied if neces- 
sary or alternatively the distal screws of the volar plate can 
be used to lag the volar médial and dorsomedial fragments. 
In this event, 1 or more of the distal screws should be placed 
in a nonlocking fashion to help compress the fragments. 


Outcomes 

Doi et al performed a prospective study comparing 34 intra- 
articular distal radius fractures treated with arthroscopic 
réduction, pinning (ARIF), and external fixation versus 
48 fractures treated with open plate fixation (ORIF) or with 
pinning ± external fixation. 100 At an average follow-up of 
31 months, the ARIF group had significantly better ranges of 
flexion-extension, radial-ulnar déviation, and grip strength 
(P <.05). Radiographically, the ARIF group had better réduc¬ 
tion of volar tilt, ulnar variance, and articular gap réduction. 
Ruch et al compared the functional and radiologie outcomes 
of AA percutaneous pinning and external fixation versus 
fluoroscopically assisted (FA) pinning and external fixa¬ 
tion of 30 patients with comminuted intra-articular distal 
radius fractures. Patients who underwent AA surgery had 
significantly improved supination compared with those 
who underwent FA surgery (88° vs 73°). AA réduction also 
resulted in improved wrist extension (77° vs 69°) and wrist 
flexion (78° vs 59°). 101 Varitimidis et al performed a random- 
ized prospective study comparing 20 patients with intra- 
articular fractures of the distal radius who underwent AA 
and FA réduction and external fixation plus percutaneous 
pinning versus 20 patients with the same fracture character- 
istics who underwent FA réduction alone and external fixa¬ 
tion plus percutaneous pinning. 102 At 24 months the patients 
who underwent AA and FA treatment had significantly bet¬ 
ter supination, extension, and flexion, although the mean 
DASH scores were similar for both groups. 


INTRA-ARTICULAR MALUNIONS 

An outside-in osteotomyfor an intra-articular malunion is 
unpredictable since the cleavage plane may not always go 
through the original articular fracture site, del Pinal et al 
hâve described a technique for an arthroscopic inside-out 
osteotomy for the treatment of malunited intra-articular 
fractures. 103 This is indicated in any malunion with an intra- 
articular step-off of 2 mm or more. Posttraumatic radiocar- 
pal osteoarthritis is a contraindication to this procedure, 
which should be managed with a salvage procedure, del Pinal 
recommends the use of 15° and 30° angle shoulder periosteal 
elevators (Arthrex, Naples, Florida), as well as straight and 
curved osteotomes due to the limited intra-articular work- 
ing space. 

The osteotomes are typically inserted through a dor¬ 
sal portai to ostetotomize a volar fragment and vice versa. 
After exsanguination of the arm, a volar approach to the 
radius is performed with the arm extended on a hand table. 
In order to control the fracture cleavage plane, an incom¬ 
plète external osteotomy is performed. Any external callus 
is removed with a rongeur and then an osteotomy is made 
starting in the metaphysis and moving distally, but stopping 
short of the articular surface. No attempt is made to lever 
the fragments at this point because of the risk of fragmen¬ 
tation. Provisional application of a volar locking plate with 
K-wires is then performed. The hand is then suspended in 
traction with 10 to 15 lb of distraction. A 2.7-mm scope is 
introduced through the 3/,-4 portai with a shaver through 
the 6R portai for debridement of intra-articular adhesions. 
A dry technique is used as described above with intermittent 
irrigation through the scope and suction through the shaver. 
The portais are enlarged by 0.5 cm, to facilitate passage of 
the osteotomes and shoulder elevators, which are introduced 
vertically to prevent in jury to the extensor tendons. The VR 
portai can be established through the volar wrist incision as 
necessary. Provided there is no major loss of the articular 
surface, the healed fracture Unes are identified, and then gen- 
tly osteotomized. They are then carefully pried apart until 
they connect with the extra-articular osteotomy and mobi- 
lized. Disimpacted fragments can be elevated by hooking 
them with a strong shoulder probe and pulling upwards. Any 
granulation tissue impeding the réduction is resected with 
small curettes, shaver, or burrs. Rétrogradé K-wire insertion 
into the fragments can help with both réduction and provi¬ 
sional fixation. Once the réduction is acceptable, the frag¬ 
ments are stabilized with the locking plate or headless screws 
as needed (Fig. 18-23A-G). 

Outcomes 

del Pinal et al reviewed 11 patients following an arthroscopi- 
cally guided osteotomy of an intra-articular malunion of the 
distal radius from 1 to 5 months after the injury. 104 The pre- 
operative step-offranged from 2 to 5 mm (average, 2.5 mm). 
The original fracture patterns included 1 radial styloid frac¬ 
ture, 1 radiocarpal fracture-dislocation, and 9 comminuted 
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FIGURE 18-23 Arthroscopic-assisted osteotomy of distal radius malunion. A. AP x-ray view of a malunited intra-articular fracture. B. Latéral CT 
scan demonstrating a 6-month-old malunited volar Barton fracture with an intra-articular step-off (arrow). C. Fluoroscopie view of partially com- 
pleted osteotomy. Note the ulnar positive variance. D. Intra-articular osteotomy viewed from the 6R portai. Osteotome is in the 3-/4 portai. E. AP 
x-ray of the intra-articular osteotomy. 
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FIGURE 18-23 ( Continued) F. Following plate fixation. Note the ulnar 
neutral position and restored radial height. G. Congruent articular sur¬ 
face (arrow). 


intra-articular fractures. In 5 cases an anterior ulnar or radial 
styloid fragment was repositioned. In the others 2 to 3 frag¬ 
ments were osteotomized. In 1 patient, the articular oste- 
otomy was combined with an ulnar shortening osteotomy. 
The step-offs were reduced in most cases to 0 mm; however, 
localized gaps (<2 mm) and cartilage defects were com- 
monly seen intraoperatively because the fragments did not 
accurately fit. At a foliow-up of 12 to 48 months, the average 
improvement in wrist motion was 44° of flexion/extension 


and 59° of pronosupination. The grip strength average was 
85% of the contralatéral side. There were 4 excellent and 
7 good results (mean score of 2.8) using the Gartland and 
Werley score. The modified Green and O’Brien System 
achieved a mean score of 83, with 3 excellent, 5 good, and 
3 fair results. One patient showed radiolunate narrowing 
on folio w-up radiographs. In 1 patient the fragment redis- 
placed due to poor fixation and 1 patient required hardware 
removal. 


ARTHROSCOPIC ASSISTED INTERNAL 
FIXATIO N: SCAPHOID 

Most scaphoid screws can be inserted percutaneously or 
through a mini-open approach. There are some instances, 
however, where an arthroscopic assist can be useful. 11 can 
guide the starting point for guidewire placement in the 
proximal pôle with dorsal insertion. It is a valuable aid to 
assessing the quality of the réduction, to guard against screw 
cutout, and to evaluate the rigidity of fixation since seeming 
good screw purchase may not adequately stabilize a commi- 
nuted segment. The fracture position is assessed with an AP, 
latéral, and oblique x-rays, although a CT scan is helpful in 
difficult cases. I prefer to obtain an MRI in ail scaphoid non- 
unions preoperatively to rule out AVN. Dorsal screw inser¬ 
tion is recommended for scaphoid fractures of the proximal 
pôle, whereas distal pôle fractures are best approached 
through a volar percutaneous approach. Waist f ractures can 
be stabilized through either approach. Volar implantation 
often requires eccentric screw placement through the distal 
pôle since one has to ream through the trapezium in order 
to gain access to the central scaphoid axis, but the screw 
can still be placed centrally through the waist and proximal 
pôle. 105 

Indications 

The indications are synonymous with percutaneous scaph¬ 
oid screw insertion, which parallel those for an open réduc¬ 
tion. This includes any acute displaced proximal pôle or 
waist fracture of the scaphoid with >1 mm of displacement 
or translation, or any fractures with significant comminution 
or angulation. Nondisplaced fibrous scaphoid nonunions 
without evidence of avascular necrosis are also suitable 
candidates. 

Contraindications 

Partial or complété avascular necrosis of the scaphoid is a 
relative contraindication to percutaneous techniques. A 
small proximal pôle fragment does not allow adéquate screw 
purchase. Nonunions with a humpback deformity and sec- 
ondary DISI require an open volar wedge graft. The presence 
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of significant radiocarpal and/or midcarpal degenerative 
changes mandates an alternate approach. 

Surgical Treatment 

DORSAL APPROACH 

The patient is positioned supine on the operating room table 
with the arm abducted on a hand table. Guidewire inser¬ 
tion is accomplished free handed and percutaneously using 
fluoroscopie control, initially without tourniquet. I prefer 
antegrade screw insertion for proximal pôle and waist frac¬ 
tures. The fluoroscopy unit is positioned over the arm board, 
parallel to the floor. The ARC traction tower (ARC Medical, 
Beaverton, Oregon) is ideally suited for this procedure since 
it has no central pôle to obstruct instrumentation and the 
wrist can be flexed to 45° in traction that allows one to alter¬ 
nate fluoroscopie and arthroscopic assessment without mov- 
ing the C-arm or extending the wrist and hence avoid the 
“dance of the K-wires.” Alternatively the wrist is flexed 45° 
over folded towels, which places the scaphoid axis at 90° to 
the beam and facilitâtes placing the screw down the central 
axis. I hand insert 2 K-wires into the midline of the STT 
joint to act as targeting aids for guidewire insertion. The first 
guidewire is placed through the ulnar (STT-U) arthroscopy 
portai that is located in line with the midshaft axis of the 
index metacarpal, just ulnar to the EPL tendon. A second 
guidewire is inserted through a radial portai (STT-R) that 
is radial to the abductor pollicis longus (APL) tendon at the 
level of the STT joint. The targeting wires should intersect 
at the midpoint of the STT joint. The idéal starting point 
for the guidewire is at the most proximal tip of the scaphoid 
pôle immediately adjacent to the insertion of SLIL. I place 
a third K-wire into the dorsal aspect of the SL inter val just 
ulnar to this point. Alternatively, with the scope in the 3/4 
or 4/5 portai, the tip of the guidewire can be directed t o the 
soft spot on the proximal pôle bordering the SLIL insertion. 

Using a power drill, the guidewire is driven from an ulnar 
dorsal to a radial volar direction while keeping the wrist 
flexed. Aiming toward the intersection point of the dorsal 
STT K-wire on an AP fluoroscopie view guides the médial/ 
latéral alignment of the guidewire. Pointing toward the inter¬ 
section point of the radial STT K-wire on the semipronated 
fluoroscopie view guides the dorsal/volar alignment. The 
guidewire is then advanced distally through the trapezium 
and out through the skin. The wrist can be extended if nec- 
essary once the trailing end clears the radiocarpal joint. If 
the fracture is displaced, the guidewire is withdrawn distally 
until it lies solely within the distal fragment. Percutaneous 
0.62-mm K-wires can then be inserted into the proximal and 
distal fragments and used as joysticks to align the scaphoid 
as described by Slade. The alignment of the concave scaph¬ 
oid surface on the AP x-ray view can be used as a reference 
for fracture réduction. Once it is satisfactory, the réduction 
is captured by driving the guidewire proximally. A second 
antirotation K-wire should be inserted prior to reaming. 
The targeting K-wires are removed and the reamer is then 


introduced over the guidewire. Reaming stops 2 mm short 
of the distal pôle. 

The arm is exsanguinated and the tourniquet is elevated 
at this point. When using some other type of traction tower, 
the arm is suspended with 10 to 15 lb of traction with the 
wrist in extension and the quality of the fracture site réduc¬ 
tion is visualized by inserting the arthroscope into the MCU 
portai with the probe in the MCR portai. Adjustments to the 
fracture réduction can be performed by withdrawing the 
guidewire into the distal fragment and using a Freer elevator 
alternately inserted in the MCR and STT-U portais. Once the 
réduction is acceptable, the guidewire is positioned within 
2 mm of the STT joint with the wrist maintained in flexion. 
Most of the screw measuring guides from different types 
of headless screws overestimate the screw length; hence, a 
second wire of equal length is placed percutaneously at t he 
proximal scaphoid pôle and parallel to the guidewire. The 
différence in length between the trailing end of each wire 
is the scaphoid length. The screw length selected should 
be 4 mm less than the scaphoid length. This permits 2 mm 
of clearance of the screw at each end of the scaphoid, thus 
ensuring complété implantation without s crew exposure. If it 
is necessary to take the wrist out of traction for this part, the 
screw length can be gauged by driving the guidewire volarly 
and distally until the trailing end is in the subchondral bone 
of the distal scaphoid pôle and the process is repeated. A 
recent anthropométrie study determined that the average 
scaphoid length in adult males was 31.3 ±2.1 mm while the 
average female scaphoid was 27.3 ±1.7 mm; hence, the lon- 
gest screw lengths may range from 23 to 27 mm. 106 

The guidewire is driven volarly once more so that it is 
left protruding both proximally and distally. This prevents 
guidewire migration during reaming and screw insertion. 
The wrist must remain flexed during this part; otherwise 
the guidewire will bend and block both reaming and screw 
insertion. The scaphoid is then power reamed to within 
2 mm of the distal pôle. Care is taken not to ream through 
the subchondral bone since this reduces compression along 
the fracture site. A headless screw is advanced under fluoro¬ 
scopie guidance to within 1 to 2 mm of the opposite cortex. 
Radiocarpal and midcarpal arthroscopy is now performed 
to check for screw cutout. The rigidity of fracture fixation is 
assessed by palpating the fragments with a 1-mm hook probe 
or Freer elevator. After screw insertion, the guidewire is again 
driven distally if necessary to allow wrist extension and the 
fracture site is inspected arthroscopically. If rigid fixation has 
not been achieved, Slade et al hâve recommended pinning 
the distal fragment to the capitate (Fig. 18-24A-G). 107 This 
locks the midcarpal row and reduces fracture site motion, 
especially with short proximal or distal fragments where 
only a few screw threads cross the fracture site. 

VOLAR APPROACH 

Screw fixation of the scaphoid through a volar approach 
is hindered by the trapezium that prevents a straight-line 
approach to the central axis of the scaphoid. There is the 
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FIGURE 18-24 Arthroscopic-assisted scaphoid fixation. A. AP x-ray view of a comminuted scaphoid waist fracture. B. Arthroscopic view from the 
MCU portai. DF, distal scaphoid fragment; PF, proximal scaphoid fragment. C. Targeting K-wires are used for guidewire placement. D. Following 
insertion of the central guide^vire. E. Fracture site is localized with a 22-gauge needle. C, capitate; DF, distal s caphoid fragment; PF, proximal scaphoid 
fragment. F. Percutaneous K-wires are used to lock the distal scaphoid fragment to the capitate. 
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FIGURE 18-24 ( Continued) G. AP x-ray following screw insertion. 


added risk of screw cutout through the concave volar sur¬ 
face of the scaphoid or through the dorsoulnar aspect of the 
proximal pôle. The volar technique has an advantage in that 
the articular defect from the entry site is limited to the radial 
edge of the ST joint, but a disadvantage is the limited area 
for screw insertion. Furthermore, an overly long screw will 
impinge on the ST joint and lead to osteoarthritis. Using 
a Herbert-Whipple screw, Menapace et al defined the safe 
starting point to be 4 to 5 mm from the volar prominence of 
the tubercle as measured from the latéral x-ray. 108 

Haddad and Goddard described volar percutaneous 
scaphoid fixation method using a cannulated screw. 109 The 
patient is placed supine on an operating table with the arm 
in traction. The hand is suspended by the thumb alone in 
a single Chinese finger trap with no countertraction. This 
position extends the scaphoid and ulnar deviates the wrist to 
improve access to the distal pôle ofthe scaphoid. Importantly 
it permits free rotation of the hand throughout the opera¬ 
tion and the scaphoid remains in the center of the x-ray field 
throughout. The proposed entry point of the guidewire is 
infiltrated with 2 cm 3 of 2% lidocaine and 1:200,000 adréna¬ 
line. The use of a tourniquet is optional. 

The image intensifier C-arm is turned to a horizontal 
position and positioned so that the wrist is in the central axis. 
With the image intensifier in this position, it is then possible 
to screen the scaphoid continuously around the axis of the 
radial column. K-wires can be inserted and used as joysticks 
to manipulate the fragments into position as necessary. The 
quality of the réduction can then be checked radiographi- 
cally and if necessary arthroscopically without disturbing the 
overall setup. The guidewire entry point is located using a 
12-gauge IV needle introduced on the anteroradial aspect of 
the wrist just radial to and distal to the scaphoid tuberosity, 


and the needle is used to lever the distal pôle of the scaph¬ 
oid more radial to facilitate screw insertion. The forearm is 
rotated under fluoroscopy to line up the needle along the 
long axis of the scaphoid in ail planes so that the guidewire 
exits the proximal pôle just radial to the SL junction. The 
entry point can be changed by up to 1 mm by rotating the IV 
cannula. The guidewire is then inserted through the needle 
and drilled across the fracture site under fluoroscopy, stop- 
ping just short of the proximal pôle. A small incision is made 
over the guidewire, followed by screw insertion. The length 
of the screw is determined using a second guidewire of the 
same length up the distal cortex of the scaphoid and under- 
sized by 4 mm. The guidewire is then advanced through 
the proximal pôle to exit on the dorsal aspect of the wrist 
to minimize the risk of inadvertent withdrawal, followed by 
reaming and screw insertion. 

Thepostoperative dressing is changedat 1 week. Although 
some authors allow immédiate and unrestricted motion, I 
prefer to immobilize the wrist in a short arm thumb spica 
cast for 6 to 8 weeks. When there is apparent union on the 
plain x-ray views, a longitudinal CT scan is performed to 
confirm that there is bridging callus on at least 3 cuts. Wrist 
motion and progressive strengthening exercises are then 
instituted. 

HYBRID TECHNIQUE 

Pirela-Cruz et al described a hybrid technique for a Herbert 
B-2 fracture with a standard size cannulated Acutrak screw. 110 
They inserted a double-ended guidewire percutaneously, 
which is advanced out through the volar side at the tuber¬ 
osity of the scaphoid until the guidewire is located within 
the proximal pôle. The authors were usually able to obtain a 
satisfactory dorsal central position without drilling through 
the trapezium. The wrist was then placed into extension 
and ulnar déviation and the guidewire is advanced into the 
radius to prevent dislodgement after the length of the screw 
is determined. The scaphoid was reamed to within 2 to 3 mm 
of the proximal and a screw was inserted under fluoroscopie 
control. 

ARTHROSCOPIC BONE GRAFTING 

Ho recently described a technique of arthroscopic-assisted 
bone grafting of scaphoid nonunions. 111 The arthroscope is 
inserted in the MCU portai while the MCR portai is used 
for instrumentation. The proximal nonunion site is best 
seen from the STT-U portai that is radial to the extensor 
carpi radialis brevis tendon and ulnar to the EPL tendon, 
slightly distal to MCR portai. Loose implants (if présent) 
are exchanged with a larger screw or multiple K-wires. Care 
is taken to preserve any intact cartilage or pseudocapsule 
over the nonunion site to avoid subséquent graft protrusion 
into the radiocarpal joint. Cancellous bone graft is tightly 
impacted into the nonunion site through an arthroscopic 
cannula. Ho’s sériés included 37 patients with established 
symptomatic nonunions and 6 delayed unions with an 


Chapter 18 Wrist Arthroscopy 


251 


average âge of 28.7 years (range, 14-53 years). The médian 
duration of symptoms was 8 months (range, 1-192 months). 
There were 5 distal third, 24 midthird, and 14 proximal third 
fractures with 5 cases of previous failed surgery and 10 cases 
with MRI evidence of avascular necrosis. Cannulated screws 
were used in 20 cases and multiple K wires in 23 cases. The 
average follow-up was 38.3 months (range, 5-103 months). 
The overall union rate was 90.7% (39/43). The average time 
to radiologie union was 12.2 weeks (6-24 weeks). Poor intra¬ 
operative bleeding of the proximal scaphoid still permitted 
union in 7 out of 10 cases while brisk bleeding was associ- 
ated with union in 29 out of 30 cases. At the final follow- 
up, 27 patients were pain free while the average VAS in the 
remaining 16 patients was 2.53. 

Complications 

Screw length is often difficult to accurately détermine by 
measuring a second K-wire that is placed parallel to the 
guidewire, due to interposition of soft tissue and obstruction 
by the edge of the trapezium. I keep the screw stérile in its 
package and superimpose it over the scaphoid under fluoros- 
copy to gauge the proper length. Pénétration of the dorsal- 
radial surface of the scaphoid, which is exacerbated by any 
angular or humpback deformity aspect of the proximal pôle, 
is common and can be minimized by using the pronated 
oblique views and undersizing the screw. Failure to bury 
the screw head will lead to impingement of the ST approach 
and eventual osteoarthritis. Screw cutout of the tuberosity 
can sometimes be salvaged by using an open technique and 
creating a gliding trough in the trapezium, switching to a 
smaller-diameter screw, and levering the tuberosity volarly 
with an elevator. Oblique insertion of the screw may lead to 
delayed union. Bending of the guidewire will impede drilling 
and tapping and may cause the cannulated screw driver to 
break. If this is recognized, the guidewire should be replaced 
rather than trying to force it. 

Outcomes 

Martinache and Mathoulin reviewed their results of a sériés 
of 37 acute scaphoid fractures that were treated by percu- 
taneous screw insertion with an arthroscopic assist. There 
were 22 undisplaced and 15 displaced fractures. 112 In ail the 
cases the use of wrist arthroscopy allowed the authors to 
check the quality of the réduction and the screw position. 
Bony union was achieved in ail of the cases, within a médian 
time of 62 days (range, 45-80). The functional recovery of 
the operated wrists was reported to be good with an average 
return to work at 21 days foliowing the surgery. 

Slade and Gillon recently reported a consecutive sériés 
of 234 fractures treated with percutaneous screw fixation 
using a dorsal approach. 113 The cases included 108 scaphoid 
nonunions (10 with a humpback deformity) and 126 acute 
injuries composed of 65 proximal pôle fractures, 67 grossly 


displaced fractures, 12 trans-scaphoid perilunate disloca¬ 
tions, 4 trans-scaphoid transcapitate f ractures, and 10 com- 
bined scaphoid and distal radius fractures. In each case 
arthroscopy was used to verify the quality of the réduc¬ 
tion. CT scans confirmed that 125/126 acute fractures 
and 98/108 nonunions healed. The study demonstrated 
the utility of arthroscopy that aided the fracture réduction 
in 67 displaced fractures in addition to the 10 humpback 
deformities. 

Concomitant soft tissue injuries are common. Caloia et al 
performed an arthroscopic examination on 24 patients with 
acute scaphoid fractures who were treated with percutaneous 
screw fixation through a dorsal approach. 46 The mean âge 
was 32 years (range, 17-75 years). Fifteen of the 24 patients 
had an associated ligamentous or chondral in jury. I n a simi- 
lar study, Shih et al reviewed 15 patients with an acute scaph¬ 
oid fracture treated by percutaneous screw fixation under an 
arthroscopic control. 114 Two patients had a partial SL liga¬ 
ment tear; 4 had LT ligament tears that were debrided and 
K-wired. Five patients had a TFCC tear and 6 patients had 
chondral fractures. There were also 5 patients with injuries 
to the RSC ligament or LRL. At the 28-month follow-up ail 
of the fractures had healed. Using the modified Mayo wrist 
score, 11 patients had excellent results and 4 had good results. 
These soft tissue injuries negatively impact the outcomes 
folio wing treatment for the scaphoid fracture. Wong et al 
studied 52 patients with s caphoid fractures who were treated 
with percutaneous screw fixation. 115 Ail of the patients had 
wrist arthrograms and 22 underwent arthroscopy. Eighteen 
patients were found to hâve additional soft tissue injures that 
included 4 SL ligament tears, 8 LT ligament tears, 2 com- 
bined tears, and 3 TFCC tears. There was a noticeable dif¬ 
férence in the outcomes in that the médian modified Mayo 
wrist score was 95 in the patients without any associated 
ligament injuries as compared with a score of 85 in patients 
with associated ligament injuries. J orgsholm et al published 
their expérience with 41 patients, aged 38 years (14-71), with 
11 displaced and 18 nondisplaced scaphoid waist fractures. 116 
Twenty-nine patients (70%) had partial (19) or complété 
(10) SL ligament tears, 8 had LTIL tears, 11 had TFCC tears, 
and there were 8 complété and 7 partial tears of the dorsal 
capsule. These associated soft tissue injuries can affect the 
outcome. 

TRANS-SCAPHOID PERILUNATE DISLOCATION 

There has been some recent work into the use of arthros¬ 
copy and trans-scaphoid perilunate fracture-dislocations 
(Fig. 18-25A-F). Wong and Ip reviewed the results in 
21 patients with a mean âge of 29 years who underwent a 
closed réduction of the carpus, percutaneous screw fixation 
of the scaphoid fracture, and multiple K-wire fixation of the 
carpal dissociation. 117 There was a 95% union rate with a 
mean time of 16 weeks. The radiographie alignment of the 
carpus was satisfactory in 17/21 cases. The average Mayo 
wrist score was 80 with 3 excellent and 2 poor results. There 
was 1 patient with an asymptomatic DISI deformity. Two 
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FIGURE 18-25 Arthroscopic-assisted trans-scaphoid perilunate fracture-dislocation. A. Latéral x-rayview of percutaneous insertion ofa Freer eleva- 
tor. B. Foliowing midcarpal réduction. Note the preplaced dorsal K-wire in the distal radius. C. Lunate réduction is captured with t he radioscaphoid 
K-wire and volar guidewires are inserted in the distal scaphoid fragment. D. Following screw fixation of the scaphoid fracture and screw fixation of 
the scaphocapitate and lunotriquetral joints. E. View of the scaphoid fracture from the STT portai demonstrating exposed screw threads. F. Following 
arthroscopic bone grafting through the MCR portai. 
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patients had radiographie evidence of midcarpal arthritis. 
One patient with a scaphoid nonunion required révision sur- 
gery and bone grafting. Kim et al treated 20 patients with an 
average âge of3 7.3 years (range, 19-57years) whohadanacute 
dorsal perilunate dislocation (5) or fracture-dislocation (15) 
with an arthroscopic scaphoid screw insertion at a médian 
interval of 3.9 days (range, 1-20) from the time of in jury, fol- 
lowed by K-wiring of the carpus for 10 weeks. At a mean 
foliow-up of 31.2 months (range, 18-61 months), the mean 
flexion was 51° (25-70), mean extension 53° (30-70), radial 
déviation 17° (10-26), and ulnar déviation 30° (18-42). The 
mean DASH score was 18 (1-36) and PRWE score 30 (5-52). 
According to modified Mayo wrist scores there were 3 excel¬ 
lent, 8 good, 87 fair, and 2 poor results. Six patients had a 
concomitant SL ligament in jury (Geissler II/III). Three had 
concomitant fractures (olecranon, hip, patellar/calcaneal). 
Nonunion developed in 2 patients with a trans-scaphoid 
perilunate injury; 1 of the 2 underwent scaphoid excision 
and midcarpal fusion. 

Chou et al studied 24 patients treated by percutaneous 
screw (3.0-mm AO cannulated in 13 patients, Herbert- 
Whipple screw in 11 patients) within 7 days of the in jury 
and closed réduction and carpal fixation with a 2.0-mm axial 
K-wire inserted across the capitolunate joint for 8 weeks. 118 
Twenty-three patients (96%) achieved scaphoid union at 
a mean time of 18 weeks (range, 14-28 weeks). There was 
1 nonunion, 1 required styloidectomy, and 1 required screw 
removal. At an average follow-up of 45 months (range, 
25-67 months), the mean flexion was 78° ± 5°, extension 
66° ± 10°, pronation 87° ± 5°, supination 75° ± 8°, radial dévi¬ 
ation 30° ± 9°, and ulnar déviation 37° ± 5°. Grip strength 
averaged 28.3 ± 6 kg and the pain VAS averaged 21 (range, 
16-25). The average Modified Mayo score was 83 (range, 
65-93). There were 4 excellent, 17 good, and 3 fair results. 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURES 

The scaphoid has an important rôle in normal wrist mechan- 
ics, with ligament attachments that bridge the proximal and 
distal carpal rows. High shearing and bending loads make it 
susceptible to fracture, with scaphoid fractures accounting 
for 60% to 70% of carpal bone fractures. 1-5 

When disrupted by fracture, the scaphoid is at risk of non- 
union and osteonecrosis. Eighty percent of its surface is cov- 
ered by cartilage, leaving little surface for arterial supply, and it 
is bathed in synovial fluid. A dorsal branch of the radial artery 
enters the dorsal ridge and supplies 70% to 80% of the scaph¬ 
oid proximally. Volar branches supply the distal 20%, with col¬ 
lateral circulation from the anterior interosseous artery. 6 The 
proximal pôle is dépendent on its intramedullary blood supply. 
Nonunion rates for scaphoid fractures dépend on displacement 
and location, rangingf rom 5% for minimally displaced (< 1 mm) 
to 92% for displaced proximal pôle fractures. 7,8 Nonunion leads 
to altered carpal mechanics and progressive arthrosis that can 
resuit in chronic pain and decreased function. 

Multiple features hâve been used to détermine treatment 
for fractures and nonunions of the scaphoid. These include 
fracture location, displacement, and orientation, as well as 
comminution, deformity, instability, and evidence of delayed 
union. 9-12 Delayed union may vary from early cystic résorption 
to nonunion and pseudarthrosis. 12 Anatomie réduction, direct 
bone contact, and minimization of motion allow for optimal 
healing of scaphoid fractures and nonunions. Depending on 
the patient, fracture characteristics, and time from in jury, 
treatment may be operative or nonoperative. Multiple surgi- 
cal approaches can be used for fixation of scaphoid fractures, 
including open or percutaneous and volar or dorsal. 

INDICATIONS 

Indications for Cast Immobilization 

Acute, nondisplaced fractures of the scaphoid waist or distal 
pôle, without deformity or bone loss, are treated well with cast 


immobilization. The choice of immobilization is debated, but 
studies show that a short arm cast with the thumb free may 
not be significantly different from a long arm thumb spica 
cast. 13 We generally use a short arm thumb spica cast. The 
patient is followed clinically and radiographically, with cast 
changes and x-rays at 6-week intervals. Union typically takes 
10 to 12 weeks, and often longer if the fracture is more proxi¬ 
mal or if the présentation is delayed. Cast immobilization 
continues until there is radiographie evidence of complété 
bony union. In some cases, CT scans can be performed to 
confirm union. Nearly ail nondisplaced scaphoid waist frac¬ 
tures will heal by 12 weeks with appropriate immobilization. 3,4 

Indications for Operative Management 
of Scaphoid Fracture 

A scaphoid waist fracture with displacement of more than 
1 mm is often cited as an indication for internai fixation. 
Fracture displacement, in terms of translation, angulation, 
or gapping, which is visible on plain radiographs, is an indi¬ 
cation for surgery. Since proximal pôle fractures may take 
more than 6 months to heal with cast immobilization, acute 
proximal pôle fractures hâve become another indication for 
surgery. Other indications include a trans-scaphoid perilu- 
nate fracture-dislocation, concomitant distal radius frac¬ 
ture, or delayed présentation (>3 weeks) of a nondisplaced 
fracture with no prior treatment. Earlier return to sports in a 
high-level professional athlete is a relative indication as well 
as patients with claustrophobia or Financial hardship who 
cannot tolerate cast immobilization. 

Percutaneous techniques are idéal for acute waist frac¬ 
tures that are nondisplaced or minimally displaced and easily 
reducible, with minimal résorption or humpback deformity. 14 
This has the advantage of minimal injury to the blood 
supply and avoidance of capsular ligament disruption. 15 
Percutaneous treatment has been shown to resuit in faster 
healing time, reduced immobilization, and decreased time 
off work for labor-type occupations. 3,16 However, fracture 
réduction can be more challenging, with an increased r isk of 
iatrogénie in jury to tendons, nerves, and vessels. 17,18 
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Most minimally displaced waist fractures can be treated 
with dorsal or volar percutaneous techniques, and the choice 
often has much to do with familiarity or preference. Central 
placement of the screw in the proximal fragment offers sig- 
nificant biomechanical advantage. 19 Central screw place¬ 
ment along the long axis of the scaphoid is more reliable 
with dorsal insertion compared with volar approach. Jeon 
et al evaluated 41 patients with an acute scaphoid fracture at 
an average of 30 months, who had percutaneous fixation via 
either the volar approach or the dorsal approach, at an aver¬ 
age of 30 months after the surgery. 20 The volar approach was 
used in 19 patients and the dorsal approach in 22 patients. 
By using a computerized digital image program, the screws 
showed no significant différence between the 2 groups in 
the posteroanterior and latéral views; however, s crews in the 
dorsal approach group were observed to be more parallel to 
the long axis of the scaphoid in the semipronated oblique 
view. The screws in the dorsal approach group were posi- 
tioned more perpendicular to the fracture lines of the scaph¬ 
oid compared with those of the volar approach group for ail 
3 different radiographie views. There was no statistically sig- 
nificant différence between the 2 treatment groups regard- 
ing fracture healing. The dorsal percutaneous technique can 
offer better control and fixation of proximal pôle fractures, 
whereas the volar technique is well suited for more distal 
fractures. Volar percutaneous and open techniques often 
require some drilling and/or bone removal from the trape- 
zium, and this may increase the radiographie evidence of 
scaphotrapezial arthritis. 

Scaphoid waist and distal fractures can also be treated 
through an open volar approach. 9 For proximal third 
fractures, particularly the proximal pôle, an open dorsal 
approach allows for évaluation of the fracture and proxi¬ 
mal pôle bone quality, as well as localization of the guide- 
wire starting point. If there is avascularity of the proximal 
pôle, a vascularized bone graft can be considered, as well as 
Kirschner wire fixation rather than screw fixation to avoid 
fragmentation. 

Comminuted scaphoid waist fractures, delayed unions, 
and nonunions with humpback deformities are indications 
for autogenous bone grafting, using distal radius or iliac crest. 

CONTRAINDICATIONS 

Patient factors may limit the benefit of operative manage¬ 
ment, such as multiple medical comorbidities with high 
perioperative risks, low-demand patients, or patients with 
short life expectancy from terminal illness. Active infection 
precludes surgery. 

Advanced arthrosis of the radioscaphoid and midcar- 
pal joints, that is, a scaphoid nonunion advanced collapse 
(SNAC) wrist, is a contraindication, particularly in later 
stages, as the patient may be better served by salvage proce¬ 
dures such as proximal row carpectomy or scaphoidectomy 
and intercarpal fusion. Contraindications to the percutane¬ 
ous fixation include irreducible f ractures, fracture nonunions 


with deformity and bone loss, pseudarthrosis, osteonecrosis, 
andpresence of radiocarpal or midcarpal arthrosis. 3 

SURGICAL TECHNIQUE 
Dorsal Percutaneous Technique 

No traction is needed for this technique. The wrist is flexed, 
slightly pronated, and ulnarly deviated (see Fig. 19-1). 
The starting point for K-wire insertion is the apex of 
the proximal pôle at its most proximal and ulnar aspect. 
Inserting the guidewire by hand with the wrist flexed will 
offer the most control and ease with posteroanterior fluo¬ 
roscopie imaging. Drive the K-wire down the central axis 
of the scaphoid, confirming its path with biplanar fluoros- 
copy. Avoid multiple passes with the K-wire by confirming 
your trajectory as the guidewire is being advanced. Measure 
the screw length and subtract 4 to 5 mm for optimal length. 
Advance the K-wire distally exiting at the radial base of the 
thumb (often through the trapezium). Make a small 1-cm 
incision at the insertion point dorsally. Spread with a hemo- 
stat to ensure that the extensor tendons are clear of the screw 
path (see Fig. 19-2). Ream over the wire to 2 mm short of the 
distal cortex, taking care to avoid penetrating the far cortex. 
Insert your compression screw of choice. Confirm its loca¬ 
tion with fluoroscopy. 

Volar Percutaneous Technique 

Under fluoroscopie guidance identify the scaphotrape- 
ziotrapezoid (STT) joint. Insert a 0.045-in Kirschner wire 
through the skin to the distal tuberosity of the scaphoid. Take 
care to be colinear with the central axis of the scaphoid in 
both the sagittal and coronal planes. Once the starting point 
is confirmed, drive the Kirschner wire proximally across 
the fracture and stop once contact with the proximal pôle 
subchondral bone is made. Alternatively, a 14-gauge angio- 
catheter needle can be used to localize the starting point and 
used as a cannula for the guidewire. 21,22 Make a small incision 
adjacent to the guidewire volarly and protect the superficial 
palmar branch of the radial artery. Measure the length of 
compression screw needed by using a depth gauge and sub¬ 
tract 4 to 5 mm to allow for adéquate countersinking of the 
screw without distracting the fracture site. Prior to reaming, 
advance the guidewire so it exits dorsally in the wrist proxi¬ 
mally. Ream over the guidewire and insert the compression 
screw. Confirm screw placement with live fluoroscopy. 

Open Volar Approach 

The skin incision overlies the distal flexor carpi radialis 
(FCR) tendon and is then extended radially in an oblique 
angle toward the base of the thumb, approximately 3 to 4 cm 
long. The superficial palmar branch of the radial artery may 
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FIGURE 19-1 Operative procedure for dorsal percutaneous technique. A and B. Preoperative radiographs show minimal displacement and mild 
résorption at the fracture site. C. The start point is identified with the wrist in flexion and ulnar déviation. D. The position is checked on C-arm fluo- 
roscopy in at least 2 planes and driven from the proximal fragment into the far cortex and the length is measured. Four to 5 mm is subtracted for the 
screwlength. E. The wire is driven through the cortex, trapezium, and skin and clamped to avoid shear, rotation, or migration. The cannulated reamer 
is passed over the guidewire without passing through the far cortex. F. The screw is inserted, capsule repaired, and skin sutured. G to I. Postoperative 
radiographs showing central screw placement without pénétration and satisfactory alignment of the scaphoid. 
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FIGURE 19-2 Intraoperative démonstration of proximity of tendon 
structures in the dorsal percutaneous technique. The extensor pollicis 
longus tendon sheath is immediately adjacent to the guide pin. Injury 
can be avoided by making a small dorsal incision prior to pin placement 
or spreading with a hemostat to avoid injury. 



FIGURE 19-3 The volar approach to the scaphoid incision. Also seen 
is the superficial palmar branch of the radial artery, which may pass 
through the field of dissection. 


be in the surgical field, and this should be protected as pos¬ 
sible (see Fig. 19-3). Dissection is carried down through the 
FCR tendon sheath and the tendon is retracted to expose the 
base of the tendon sheath. Incise the deep tendon sheath to 
expose the volar wrist capsule deep to it. The wrist capsule 
includes the radioscaphocapitate ligament, which crosses the 
scaphoid waist. Sharp longitudinal dhtision allows for later 
repair, and the proximal portion should be spared as possible 
to support the proximal pôle. Enter the joint and visualize 
the scaphoid. Débridé the facture site. In the case of a non- 
union, it is important to débridé ail fibrous tissues from the 
nonunion site to allow intraosseous blood flow after bone 
grafting and repair. 

Fracture réduction can be achieved manually by exten¬ 
sion and ulnar déviation of the wrist, with the use of dental 
picks or by inserting 0.062-in K-wires as manipulative 
devices into the fracture fragments (see Figs. 19-4 and 19-5). 
The lunate can be used to control the proximal fragment if 
joysticks are used. The distal fragment needs to be extended, 
supinated, and ulnarly deviated and the proximal fragment 
flexed to achieve réduction. Bone graft may be inserted at 
this point to ensure adéquate bony contact and restoration 
of the scaphoid length. The latéral volar angulation of the 
scaphoid should be around 24°, with >45° being abnormal. 23 
Place derotation K-wires to hold the fracture réduction 
once achieved. Confirm réduction with biplanar fluoros- 
copy. A rongeur canbeusedto excise the volar trapezium 


to expose the appropriate starting point for a guidewire 
(Fig. 19-4). Insert the guidewire volar to dorsal through the 
central axis of the scaphoid. Ream, insert the compression 
screw, and confirm screw position with fluoroscopy. Repair 
the radiocarpal joint capsule and radioscaphocapitate liga¬ 
ment with 3-0 absorbable sutures. 

Open Dorsal Approach 

Make a 3- to 4-cm incision beginning proximally over Lister s 
tubercle, and extending distally in line with the middle fin- 
ger metacarpal, taking care to protect the branches of the 
superficial radial nerve. Incise the retinaculum and retract 
the extensor pollicis longus (EPL) tendon radially along 
with the extensor carpi radialis brevis and longus (ECRB, 
ECRL) tendons with ulnar retraction of the finger extensors. 
Incise the wrist joint capsule through a T-capsulotomy. Flex 
and ulnarly deviate the wrist to expose the proximal pôle of 
the scaphoid. Débridé the fracture or nonunion site bone 
graft as needed, and fix with multiple K-wires or a headless 
screw. If multiple passes are made with the guidewire, upsiz- 
ing to a 0.062-in K-wire prior to drilling may be necessary 
to ensure accurate screw path. 24 Anchoring guidewires in 
the far cortex before reaming helps to avoid shearing the 
wire. Passing guidewires out through skin on both sides 
facilitâtes easy removal in the event the wire breaks. Use a 
soft tissue protector when reaming to avoid damage to the 
extensor tendons. 
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FIGURE 19-4 The open volar approach for established scaphoid nonunion, treated with internai screw fixation and packed cancellous radial auto- 
graft. A. Preoperative AP radiograph. B. The volar approach to the scaphoid. C. Joystick manipulation and the dental pick are used to manipulate and 
débridé the nonunion. D. A small portion of volar trapezium is excised to gain access for the guide pin. E. The guide pin is inserted to the proximal 
cortex, measured, and then passed through the dorsal skin. This is done for easy removal of the guide pin in the infrequent event the guide pin breaks. 
The derotation wire is used to flex the scaphoid and gain access for the central guidewire. F. The cannulated reamer is passed over the guide pin, while 
the derotation wire is used to continue to flex the scaphoid, and the screw is inserted. G to I. Screw position is confirmed on multiplanar imaging, 
including PA, oblique, and latéral. 








262 


Section II Carpus 




FIGURE 19-5 The open volar approach with structural graft for humpback deformity. A-C. Preoperative imaging of the scaphoid nonunion and 
flexion deformity. D. Joystick manipulation and debridement. E. Impacted corticocancellous autograft. F and G. Fluoroscopy images with the screw 
in place. H. Three months postoperative, with clinical and radiographie healing. 
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Humpback Deformity 

A scaphoid nonunion with a humpback deformity is exposed 
through a volar approach. Insertion of 0.045-in Kirschner 
wires as joysticks in the proximal and distal pôles allows 
for better visualization and correction of the flexion defor¬ 
mity (see Fig. 19-5). Fluoroscopie imaging is used to assess 
the degree of deformity of the scaphoid and position of 
the lunate, and a required size of bone graft. A caliper or a 
eut paper ruler is invaluable in measuring the dimensions 
of bone graft. A structural graft can be harvested from the 
volar aspect of the distal radius by extending the dissection 
proximally and elevating the pronator quadratus, or a tri¬ 
cortical graft can be obtained from the iliac crest. Aguilella 
and Garcia-Elias recently described harvesting a structural 
bone graft from the antérolatéral corner of the distal radial 
metaphysis. 25 

The block is sized and shaped to fill the defect in the 
scaphoid. The graft is then press-fit into the defect foliowed 
by insertion of a derotation 0.045-in K-wire, reaming, and 
insertion of a headless cannulated screw. A small 0.045-in 
K-wire can be inserted across the waist to capture and but- 
tress the volar aspect of the bone graft (see Fig. 19-6). This 
may also be left in place while the fracture heals to prevent 
translation and volar extrusion of the bone graft. 



FIGURE 19-6 A volar Kirschner wire is used as a buttress in another 
patient to maintain the position of corticocancellous graft, in addition 
to the screw fixation in cancellous bone. 


COMPLICATIONS 

Complications of operative management of scaphoid frac¬ 
tures include articular screw pénétration, loss of fixation, 
malunion, nonunion, proximal pôle osteonecrosis, as well 
as the general risks of surgery such as infection or anesthetic 
risks. Percutaneous techniques reduce recovery time and 
complications, but carry the risk of iatrogénie tendon, nerve, 
and arterial in jury. Vinnars et al reported an increased preva- 
lence in radiographie signs of osteoarthritis involving the STT 
joint at a mean foliow-up of 10 years in 75 patients who had 
undergone internai fixation via a volar approach of a minimal 
displaced scaphoid fracture using a Herbert screw. 26 A recent 
study by Geurts et al of 34 patients who underwent volar 
percutaneous fixation of acute scaphoid waist fractures via 
a transtrapezial approach, however, showed no evidence of 
symptomatic STT arthritis at a mean folio w-up of 6.1 years. 27 

OUTCOMES 

Modi et al performed a systematic review of the outcome- 
based literature comparing internai fixation with cast 
treatment for scaphoid fractures. This review included 3 ran- 
domizedcontrolledtrials (RCTs) and 2 rétrospective reviews 
specifically comparing percutaneous fixation with cast treat¬ 
ment. This group found that there was a trend toward earlier 
union, earlier return of grip strength and ROM, and earlier 
return to workfor those who underwent percutaneous fixa¬ 
tion. 28 The review by Modi et al also included 3 RCTs com¬ 
paring ORIF and cast immobilization. Open treatment had 
similar short-term results to percutaneous treatment meth- 
ods, allowing for earlier return to work, less time to union, 
and improved function. Vinnars et al and Davis et al found, 
in manual laborers, that the total cost of internai fixation 
was less than that of cast treatment. 26,29 Bond et al found that 
with percutaneous screw fixation, time to union averaged 
7 weeks compared with 12 weeks for cast immobilization, 
and average time until return to work was 7 weeks earlier. 30 
Vinnars et al showed no différence in long-term outcomes 
at a mean of 10 years, except with a trend toward increased 
incidence of scaphotrapezial joint arthritis in the operatively 
treated group. 31 
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Pedicled Vascularized Bone 
Grafts for Scaphoid Nonunion 

David J. Slutsky, MD 



INTRODUCTION 

The emergence of vascularized bone grafts (VBGs) has 
changed the treatment of scaphoid nonunion. Their use can 
lead to a faster rate of union, and improve the viability of the 
proximal pôle. They can also provide an alternative to a salvage 
procedure with previously failed conventional bone grafting. 
A variety of pedicled grafts from the dorsal and volar aspects 
of the distal radius hâve been described, as well as a pedicled 
graft from the thumb metacarpal. This chapter will describe 
these grafts along with their attributes and potential uses. 

The emergence of vascularized bone grafts (VBGs) has 
changed the treatment of scaphoid nonunion. Their use can 
lead to a faster rate of union, and improve the viability of 
the proximal pôle. They can also provide an alternative to a 
salvage procedure with previously failed conventional bone 
grafting. A variety of pedicled grafts f rom the dorsal and volar 
aspects of the distal radius hâve been described, as well as a 
pedicled graft from the thumb metacarpal. Free VBGs provide 
an additional option but will not be discussed in this chapter. 

INDICATIONS 

The foliowing are some general indications for the use of 
VBGs, although it is of note that some authors use this type 
of graft for any scaphoid nonunion: 

1. Avascular necrosis (AVN) of the proximal pôle 

2. Symptomatic proximal pôle nonunion 

3. Displaced proximal pôle fractures 

4. Failed traditional bone grafting 

ABSOLUTE CONTRAINDICATIONS 

The following constitute contraindications to the use of ped- 
icle flaps based on the radius and thumb metacarpal: 

1. Radiocarpal and midcarpal arthritis due to scaphoid 
nonunion advanced collapse (SNAC) wrist, stage II/III, 
that is, radiocarpal/midcarpal arthritis 


2. Damage to the radial artery, f irst dorsal metacarpal artery 
(FDMA), or dorsal carpal arch 

Relative contraindications to the procedure include pre- 
vious surgery on or in jury to the dorsal aspect of the wrist 
or distal radius, which might impair the blood supply to the 
dorsal capsule. Proceed carefully in smokers. 

VBG WITH 1,2 INTERCOMPARTMENTAL 
SUPRAREHNACULAR ARTERY (ICSRA) 

In 1991 Zaidemberg et al described a pedicled VBG source 
from the dorsoradial aspect of the radius based on an 
ascending irrigating branch of the radial artery. 1 His group 
reported a 100% union rate in 11 patients with a scaphoid 
nonunion treated with this graft, at an average time to union 
of 6.2 weeks. The blood supply to the dorsal aspect of the 
carpus has been extensively described by Sheetz et al. 2 They 
described a number of pedicles from which potential VBGs 
may be harvested from the dorsum of the distal radius. 
The most common of these pedicles is the 1,2 ICSRA (aka 
ascending irrigating branch of the radial artery). 

Anatomy 

The 1,2 ICSRA branches from radial artery at an average of 
1.9 mm proximal to the styloid (-6.3 to 3.2 mm). The inter¬ 
nai diameter of the vessel averages 0.30 mm (0.14-0.58). The 
pedicle length averages 22.5 mm (15-31). The graft is located 
atlmm(8-18) proximal to articular surface where it incor¬ 
porâtes largest number of perforators. 

Pros/Cons 

This graft can be used as an onlay graft to act as a vascular 
pedicle or a structural strut graft to maintain the scaphoid 
length. It has a constant artery with a long pedicle. Because 
it is rotated 180°, the pedicle is vulnérable to kinking. 
Dissection of the pedicle can be tedious and impingement 
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and thrombosis of the pedicle over the radial styloid can 
occur over the radial styloid when attempting to pass the 
graft volarly. If this is attempted, it is prudent to perform a 
limited radial styloidectomy to decrease tension on the ped¬ 
icle and facilitate volar passage. 

Surgical Approach 

The procedure is done under loupe magnification. The arm 
is elevated for 2 minutes rather than exsanguinated in order 
to visualize the arterial pedicle. The arm is abducted 90° with 
a proximal tourniquet inflated to 250 mm Hg. An S-shaped 
dorsoradial incision is made starting distally over the scaph¬ 
oid, curving proximally over the fourth extensor compart- 
ment. The skin and subcutaneous tissue are elevated as a 
single layer over the extensor compartment while protecting 
the superficial radial nerve branches. The 1,2 ICSRA can be 
identified running proximally and superficially down a lon¬ 
gitudinal ridge that séparâtes the first and second extensor 
compartments. Two parallel longitudinal incisions are made 
at least 5 mm apart along the radial and ulnar sides of the 1,2 
ICRSA. The bone graft is outlined over the radial metaphy- 
sis 1.5 to 2.0 cm proximal to the radial styloid after retract- 
ing the extensor pollicis brevis (EPB) and abductor pollicis 
longus (APL) radially and the extensor carpi radialis longus 
(ECRL) and brevis ulnarly. 

A longitudinal capsulotomy is now made over the scaph- 
oid and the nonunion is exposed. An undisplaced fibrous 
nonunion is curetted to remove ail fibrous tissue, taking care 
not to destabilize the fragments. When there is an avascu- 
lar proximal, the necrotic bone should be removed down 
to the subchondral bone supporting the articular surface. 
While keeping the wrist flexed, 1 volar guidewire and 1 dor¬ 
sal K-wire are placed down the longitudinal scaphoid axis 
under fluoroscopie control. When the VBG is used as an 
onlay graft, a small (2.5-3.2 mm) cannulated headless screw 
is first inserted over the volar guidewire in order to provide 
provisional fixation of the nonunion and so as to not inter¬ 
fère with the VBG onlay (Fig. 20-1A-E). The dorsal K-wire 
is advanced distally and prepositioned in the distal fragment 
in préparation for capturing the onlay graft. A 1 cm 2 defectis 
outlined with an osteotome at right angles to the nonunion 
site and removed. 

A slightly oversized graft, centered over the 1,2 ICSRA 
pedicle, is then osteotomized to a depth of 8 mm on its 
radial, ulnar, and distal aspects after the pedicle is ligated 
at the proximal edge. The distal portion of the pedicle is 
mobilized subperiosteallyoffthe dorsal surface of the radius 
along with a euff of retinaculum. A curved osteotome is then 
placed at the proximal osteotomy site and used to gently 
pry the graft from the radial metaphysis. The pedicle with 
its periosteal and retinacular euff is completely separated 
from the radius and joint capsule. The graft is rotated 180° 
and press-fit into the dorsal defect over the nonunion site 
and held in place by driving the dorsal K-wire proximally. 
The capsule is closed without any compression or tension 


on the pedicle. The tourniquet can be released to check flap 
vascularity at this point and achieve hemostasis prior to skin 
closure. Postoperatively the wrist is immobilized in a thumb 
spica splint that is changed to a cast until there are radio¬ 
graphie signs of union that is confirmed by a CT scan at 3 
to 4 months. 

In the case of scaphoid collapse a useful technique is to 
volar flex the wrist until the lunate is corrected to a neutral 
alignment with respect to the radius. A 0.045-in K-wire is 
driven f rom the radius into the corrected lunate. The wrist is 
then brought into extension. A second 0.045-in K-wire can 
then be placed from the distal pôle into the capitate to main- 
tain the réduction of the distal pôle prior to placement of the 
bone graft. 

Outcomes 

Chang et al 3 reported on the use of the 1,2 ICSRA VBG in 
50 scaphoid nonunions in 49 patients. The average âge was 
24 years (range 14-66 years). The duration of the scaphoid 
nonunion averaged 23 months (range, 2-156 months). The 
average foliow-up was 7.8 months (range, 2-49 months). 
Thirty-four scaphoid nonunions healed at an average of 
15.6 weeks after surgery (range, 8-40 weeks). Prior surgery 
did not affect the outcomes in that 7/11 with prior surgery 
and 27/37 without prior surgery healed. The presence of 
AVN was a highly significant factor with a union rate of only 
50% (12/24) regardless ofwhetherprevious surgery had been 
performed. The presence of a humpback deformity was also 
a poor prognostic factor for union. The authors concluded 
that scaphoid nonunions with severe bone loss due to a 
humpback deformity and patients with severe scapholunate 
dissociation and/or small or collapsed proximal fragments 
should be treated with other means. Waitayawinyu et al 4 had 
better outcomes in 30 patients with scaphoid nonunions 
(19 waist, 11 proximal pôles with AVN) and no prior sur¬ 
gery who were treated with the 1,2 ICSRA graft. Their pro¬ 
cedure differed in that a radial styloidectomy was routinely 
performed in order to diminish tension on the pedicle and 
ail nonunions were stabilized with a cannulated s crew. 

The union rate was 93% (28/30 nonunions) with an aver¬ 
age time to union of 5.1 months. The 2 failures had the high- 
est scapholunate angle and went on to eventual union 11 and 
13 months after conventional bone grafting. 

VOLAR CARPAL ARTERY 
VASCULARIZED BONE GRAFT 

Anatomy 

This VBG was initially described by Kuhlmann et al 5 and 
recently popularized by Mathoulin et al. 6 The VBG is har- 
vested from the volar ulnar metaphysis of the distal radius. It 
is nourished by the volar carpal artery that has a diameter of 
0.5 to 1.0 mm. This artery originates from the radial artery at 
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FIGURE 20-1 1,2 ICSRA VBG. A. AP x-ray of a 25-year- 
old male with a proximal pôle scaphoid nonunion. 
B. Hypovascularity of the proximal scaphoid pôle is seen 
on a T2-weighted MRI image. C. Intraoperative photo 
illustrating a headless compression screw inserted into 
the proximal pôle to stabilize the nonunion site (arrow). 
D. Vascularized bone graft (*) pedicled on the 1,2 
ICSRA. E. X-ray at 12 weeks demonstrating early graft 
incorporation. 
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the level of the radial styloid, and then traverses the palmar 
aspect of the distal radius along the distal edge of pronator 
quadratus (PQ). It forms a “T”-shaped anastomosis with the 
anterior interosseous artery. The average pedicle length is 
3 cm (2-4.6 cm). 7 

Pros/Cons 

This VBG has a long pedicle that is consistently présent and 
harvesting the volar carpal artery does not interfère with the 
dorsal blood supply. It is idéal for scaphoid nonunions with a 
humpback deformity since the volar approach provides good 
access to the nonunion site for debridement and simplifies 
the insertion of a volar wedge-shaped graft to restore scaph¬ 
oid height. It is a small graft, however, and technically dif- 
ficult to raise. It cannot be used for nonunions of the distal 
one third. Since it is immediately adjacent to the radiocarpal 
joint, there is the risk of fracture into the radiocarpal joint or 
the sigmoid notch. 

Surgical Approach 

A 6-cm volar radial longitudinal incision is made under 
tourniquet control to expose the distal radius extending 
over the base of the thumb. The plane between the flexor 
carpi radialis and the radial artery is developed and an 
oblique capsulotomy is performed to expose the volar 
scaphoid. Fibrous scar tissue is debrided and necrotic bone 
at the fracture site is curetted until healthy bone is identi- 
fied and punctate bleeding is seen. The scaphoid fragments 
are pried apart with an osteotome and pulled out t o length 
with thumb traction. The bony defect is now measured. 
Transverse K-wires from the scaphoid fragments to the 
lunate and capitate can be used to temporarily maintain 
the réduction. If a dorsal intercalated segmentai instability 
(DISI) deformity is présent, the lunate can be flexed to neu- 
tral and held with a dorsal K-wire through the radius. The 
scaphoid fragments are then stabilized with longitudinal 
K-wires or a headless screw, which is placed as dorsally as 
possible for graft insetting. 

The bone graft is harvested by flexing the wrist to relax 
the flexor tendons and the distal border of the PQ muscle 
is exposed. Parallel incisions are made 1 cm proximal to the 
distal border of the PQ and 2 to 3 mm distal to it. A scal¬ 
pel and periosteal elevator are then used to detach a strip of 
the PQ muscle and periosteum that contains the volar car- 
pal artery. The bone graft is harvested from the volar ulnar 
metaphysis. The radial border of the bone graft is first oste- 
otomized using a 1-cm osteotome. The proximal and distal 
borders of the bone graft are then osteotomized in an oblique 
direction to form a wedge shape followedby the ulnar border. 
The bone graft is levered from the distal radius taking care to 
protect the pedicle. The distal strip of PQ muscle can be dis- 
sected as far laterally as the radial artery to allow a pedicle 
length of up to 5 cm (Fig. 20-2A-D). The graft is rotated and 


positioned within the scaphoid defect and held with a second 
prepositioned longitudinal K-wire. Any bone gaps may be 
filled with additional cancellous bone graft harvested from 
the distal radius. The position of the screw and fragments is 
checked fluoroscopically. The joint capsule is repaired while 
protecting the pedicle. The wrist is immobilized for a mini¬ 
mum of 6 weeks and an average of 10 weeks followed by wrist 
motion exercises. 


Outcomes 

Mathoulin and Fairbank 8 reported the largest sériés of 
102 patients with scaphoid nonunions who were treated with 
this graft, aged 31 years (15-61). One-third of the patients 
had previous failed surgery. Twenty percent involved the 
proximal pôle and 80% were waist fractures. Fifty-nine cases 
were Herbert stage D2; 43 were stage D. The médian delay 
to surgery was 12.5 months (4-120), with a mean length of 
foliow-up of 29 months. Union was achieved in 94% of the 
patients, with an average time to union of 9.5 weeks. Wrist 
flexion and extension improved by 22%, radial déviation by 
40%, and ulnar déviation by 30%. Grip strength improved 
from 54% to 92%. The postoperative modifled Mayo wrist 
score was good or excellent in 89%. 

Dailiana et al 9 reported on a much smaller s eries of 9 waist 
nonunions. There was a 22-month delay to surgery with a 
mean follow-up of 24 months. One hundred percent union 
was achieved between 6 and 12 weeks. The Mayo modifled 
wrist score increased from 63 to 92 with 5 excellent and 4 
good results. 


CAPSULAR-BASED VBG 
Anatomy 

This VBG, which was described by Sotereanos et al, 10 is an 
axial pattern flap based on fourth extracompartment artery 
(ECA) of the dorsal carpal arch, which extends between 
the anterior or postinterosseous artery proximally and the 
dorsal carpal arch or fifth ECA distally. The average pedicle 
diameter is 0.4 mm. The pedicle length ranges between 1 
and 2 cm and easily reaches the proximal one-third of the 
scaphoid. 

Pros/Cons 

The VBG is based on a constant artery and the flap is easy 
to dissect. The graft only needs to rotate 10° to 30° on the 
pedicle to reach the scaphoid that lowers the risk of arte- 
rial kinking. A disadvantage is that it has a relatively short 
pedicle; hence, the graft is only useful for proximal one-third 
nonunions. It can be used as an onlay graft only and there is 
the risk of a radiocarpal articular fracture. 
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FIGURE 20-2 Volar carpal VBG. A. Latéral CT scan demonstrating a scaphoid waist nonunion withvolarcollapse. B. Volar aspect of the right wrist 
showing the scaphoid nonunion site is distracted, with preplaced K-wires in t he distal pôle (upper left). C. Volar VBG (arrow) is elevated on the volar 
carpal artery pedicle held by the forceps. D. AP x-ray of the healed nonunion. Note the donor-site defect in the volar ulnar metaphysis (arrow). 


Surgical Approach 

A dorsal incision is made under tourniquet control, just 
ulnar to Listers tubercle. The fourth dorsal compartment is 
partially released to expose the wrist capsule and the distal 
radius. The extensor pollicis longus tendon is identified and 
retracted radially and the extensor digitorum communis 
tendons are retracted ulnarly. A trapezoidal capsular flap is 
outlined that is 2 cm in length and it widens from 1 cm at the 
bone block to 1.5 cm at its distal base. A 1 x 1 cm capsular- 
based vascularized distal radius graft, approximately 7 mm 
deep, is harvested from the distal aspect of the dorsal radius 
just ulnar and distal to Lister’s tubercle using osteotomes. A 
2- to 3-mm ridge of the distal radial cortex is left intact to 
minimize the risk of propagation onto the articular cartilage 
of the radiocarpal joint. The capsular flap is outlined sharply 


with a knife and elevated along with t he bone graft in a prox- 
imodistal direction. Care should be taken to prevent detach- 
ment of the dorsal scapholunate ligament. 

The scaphoid nonunion is now exposed. Two 1.0-mm 
Kirschner wires are inserted from the proximal pôle of 
the scaphoid oriented toward thebaseofthe thumb, with 
the wrist flexed. One of these serves as a guidewire for a 
cannulated screw and the other as an antirotation wire. 
Care is taken to place the guidewire for the screw perpen- 
dicular to the fracture site and as volar as possible, while 
maintaining sufficient purchase of the proximal and distal 
fragments. This guidewire should be also in a slight ulnar 
position so there is enough space for a bone anchor. The 
length of the screw is determined by measuring it next to 
an intact K-wire, followed by drilling and insertion of a 
headless cannulated screw or 2 K-wires. Once the fracture 
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nonunion is secured, the nonunion site is debrided with a 
small curette, and a dorsal trough is created across the non- 
union site taking care to avoid destabilizing the fragments. 
If the proximal pôle fragment is too small to accommodate 
a trough, the graft can be inset into the excavated cavity of 
the proximal fragment. The bone graft is rotated 10° to 30° 


and inset into the trough. Sotereanos uses a bone anchor 
inserted just radial to the cannulated screw in the floor of 
the trough to tie down the VBG with 3-0 suture to prevent 
graft extrusion (Fig. 20-3A-E). After wound closure a short 
arm thumb spica cast is applied for 6 weeks followed by a 
splint until union. 




FIGURE 20-3 Dorsal capsular-based VBG. A. Nonunion at the junc- 
tion of the proximal/middle third of the scaphoid. B. Hypovascularity 
of the proximal scaphoid pôle is seen on a T2-weighted MRI image. 
C. Dorsal view of a left wrist showing a vascularized bone graft ( *) 
pedicled on a strip of dorsal capsule (arrow). D. Intraoperative photo 
illustrating the proximity of the capsular graft (VBG) to the nonunion 
site while a headless compression screw is inserted into the proximal 
pôle to stabilize the nonunion site. E. AP x-ray demonstrating the rela¬ 
tive ulnar position of the headless screw and the bone anchor that is 
used to prevent graft extrusion. 
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Outcomes 

Sotereanos et al 10 reported on their expérience with this 
VBG in 13 patients, 10 of whom had AVN. The minimum 
follow-up was 1 year. Union was achieved in 10/13 patients 
by 13 weeks (range 6-23) weeks. Eight of the 10 patients with 
AVN went on to union. Wrist flexion averaged 45° versus 
32° preoperatively, and extension averaged 68° versus 44°. 
The mean grip strength was 81% postoperatively versus 64% 
preoperatively. 

VASCULARIZED THUMB 
METACARPAL GRAFT 

Anatomy 

This VBG, as described by Bertelli et al, 11 is based on the 
radial branch of the FDMA. The average vessel diameter is 
1 mm. The pedicle arises from the radial artery 5 to 10 mm 
proximal to the trapeziometacarpal joint and continues 
along radial third of the dorsal side of the thumb metacar- 
pal. The VBG is harvested from the metacarpal head giving 
a pedicle length of approximately 50 mm. 

Pros/Cons 

The pedicle canbe quite long and is based on a constant artery. 
It can be used as an onlay or structural graft. The pedicle is 
rotated 180° that can lead to kinking. It has a large donor-site 
defect that can lead to fracture and it is technically difflcult. 

Surgical Approach 

A nonunion that involves the distal pôle or waist of the 
scaphoid is approached from the palmar aspect. The surgical 
incision is made over the flexor carpi radialis and along the 
junction of the palmar and dorsal skin over the thenar emi- 
nence. Once the nonunion is identifled, ail nonviable bone 
and fibrous tissue is removed. The wrist is flexed to correct 
the dorsal déviation of the lunate, and the lunate is tempo- 
rally pinned to the radius. Then, the wrist is extended and 
ulnar deviated, and the bone defect measured. 

The VBG is harvested by opening the EPB tendon sheath 
and retracting the EPB ulnarwards. The FDMA is identifled 
and followed to the metacarpal head. A trapezoidal bone graft 
is harvested that is centered on the FDMA. Two fascial inci¬ 
sions are performed, 3 mm ulnar and radial to the FDMA. 
The radial incision is made along the margins of the APL. 
The fascial plane, which contains the FDMA and venae 
comitantes, is dissected off the periosteum. A VBG that is 
10 mm long, 5 mm wide, and 3 mm in depth is elevated with 
ostéotomies. This corresponds to one-third to two-thirds of 
the metacarpal head. A 2-cm wide tunnel down to the tendi- 
nous insertion of the APL is created. The graft then is passed 


underneath the EPB and APL and passed in a palmar direc¬ 
tion toward the scaphoid defect. The VBG isplacedtransver- 
sally in the bone defect and press-flt into place. The vascular 
pedicle lies radially. The scaphoid is flxed with 2 K-wires, 
excluding the graft. The vascular pedicle then is inspected 
to detect any kinks, compression, or tension. The capsular 
flaps are loosely approximated and the subcutaneous layer 
and skin sutured. 

A nonunion of the proximal pôle is approached dorsally. 
A vertical incision along Lister’s tubercle allows access to the 
nonunion, which is resected with a drill. A cavity is created 
in the proximal pôle, creating 2- to 3-mm thick ulnar and 
radial columns. The cavity then is extended along the scaph¬ 
oid dorsal rim. The scaphoid is fixed with 2 K-wires that pass 
from the scaphoid dorsal rim into the radial and ulnar proxi¬ 
mal pôle columns. The VBG is harvested through a separate 
thumb incision, matching the dimensions of the cavity. The 
graft is designed as distal as possible near the metacarpal 
head to provide a longer pedicle. A large tunnel is dissected 
down to the wrist extensors. The graft is passed over the 
radial artery and under the second extensor compartment 
toward the scaphoid defect. Additional cancellous graft from 
the radius is packed into the scaphoid defect. The thumb 
VBG is placed over the cancellous graft layer and impacted 
into the proximal pôle-dorsal rim cavity. The capsular flaps 
are loosely approximated and the wound is closed. A below- 
elbow cast, including the thumb, is used for 8 to 12 weeks or 
until signs of union. 

Outcomes 

The sériés of Bertelli et al 12 included 57 scaphoid nonunions, 
27 of which were présent for more than 5 years. Twenty 
cases involved the proximal pôle. The âges ranged from 
18 to 51 years. Union was achieved in 53/57 patients (93%) 
at 12 months. The pinch and grip improvedbyan average of 
20%. Wrist motion improved by 10% to 15%. The pain levels 
decreased by 70%. They did note that the functional results 
were better for nonunions that had been présent for less than 
2 years. 
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Acute Perilunate Dislocations 
and Fracture-Dislocations 

Guillaume Herzberg, MD, PhD 


INTRODUCTION 

Perilunate dislocations and fracture-dislocations (PLD- 
PLFD) are high-energy carpal injuries. 1 They belong to 
the group of carpal dislocations (Fig. 21-1) that include 
also radiocarpal, carpometacarpal, and axial dislocations/ 
fracture-dislocations. 2 Most typically PLD-PLFD resuit 
from a fall from a height in young males in their second 
or third decade. They represent only 7% of ail carpal inju¬ 
ries. 3 For this reason, there are few sériés in the literature 
but still a large number of case reports. 4-6 Diagnosis of the 
path of the in jury is of paramount importance because sur- 
gical repair should address each component of that “trauma 
line.” 7 During the last years, there has been a great deal of 
literature regarding new aspects of their diagnosis and 
treatment. In the past, there were as many as 25% missed 
perilunate injuries. This is not the case anymore thanks to 
medical éducation and we will focus on acute perilunate 
injuries. Despite the severity of the in jury, very acceptable 
results can be obtained in most cases if an appropriate treat¬ 
ment is provided at the acute period. There is evidence in 
the literature that closed réduction and cast is not a reliable 
treatment and should not be recommended. 8,9 Sériés using 
closed réduction and cast to treat PLD-PLFD hâve an unac- 
ceptable failure rate in terms of quality of réduction and 
outcome. 10 But a poor surgical treatment at the acute stage 
leads also to an irréparable situation with severe functional 
sequelae and posttraumatic arthritis. 2,7 Because these are 
very rare injuries, each surgeons expérience is limited. This 
is why surgeons should be prepared to understand any form 
of PLD-PLFD. Only an understanding of the whole extent 
of the path of in jury will allow appropriate repairs. The pur- 
pose of this chapter is to provide a comprehensive update 
about these rare and complex injuries. 

DIAGNOSIS AND CLASSIFICATION 

Ninety percent of PLD-PLFD are closed injuries. 11-13 A typi- 
cal open PLD-PLFD shows the lunate partially or totally 
extruded through a palmar wound. 14,15 Closed PLD-PLFD 


seen at the acute period usually show painful deformity and 
swelling of the wrist. Paresthesia in the médian nerve terri- 
tory is observed in about 1 of 3 cases and this finding should 
be recorded and followed. A comprehensive classification of 
perilunate injuries is based on plain and traction radiographs 
(Fig. 21-2). CT scan may be helpful in some difficult cases 
(Fig. 21-3) or in unusual variants in order to provide a focus 
on unclear radiographie features. 

Standard PA and latéral radiographs are obtained in 
emergency. The PA view shows a marked dérangement 
of the proximal carpal row with significant loss of carpal 
height, carpal bone overlaps, intercarpal gaps, and breaks 
in Gilula proximal row Unes. The latéral view shows the 
main defining feature of PLD-PLFD, that is, complété volar 
or most often dorsal dislocation of the lunate from the 
capitate. The lunate itself may be partially or completely 
dislocated from the radius most often in a volar direction. 
Because any carpal dislocation may sustain several chrono- 
logical sequences in its displacement (eg, forceful exten¬ 
sion followed by carpal bone dislocation/enucleation from 
a reverse movement plus compression) and because par¬ 
tial spontaneous réduction may occur, there is no parallel- 
ism between the initial radiological displacement and the 
pathology. 

Ten-pound PA traction radiographs under anesthésia 
or analgesia are invaluable in providing a thorough under¬ 
standing of the path of the injury because they eliminate 
bone overlapping and suggest which ligaments are torn and 
which fractures should be fixed. The latéral traction views 
show the amount of réduction that is obtained. 

Standard and traction radiographs define the path of 
trauma and the amount of displacement of the capitate and 
lunate. The injury line may be strictly perilunar in a pure 
ligamentous PLD or lesser arc of Johnson 16 or may hâve frac- 
tured the radial styloid, scaphoid, capitate, or triquetrum 
in the many PLFD variants of the greater arc of Johnson. 
The injury progresses most often from radial to ulnar as 
described by Mayfield 17 but occasionally from ulnar to radial 
as described by Viegas et al. 18-20 In most perilunar injuries, 
the proximal row is interrupted on each side of the lunate 
either through the perilunate joints or through the bones. 
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Axial 


Perilunate 


FIGURE 21-1 The 4 types of carpal dislocations. 


The capitate displacement may be dorsal from the lunate 
in more than 90% with a volar lunate dislocation from the 
radius as an end stage, or sometimes palmar with a dor¬ 
sal lunate dislocation as an end stage. In the most severe 
PLD-PLFD the lunate and/or the proximal scaphoid may 
be free of any ligamentous connections. This should be sus- 
pected from the initial radiographs. The conséquences are 
important since the surgeon will hâve to choose between 
excision and reposition of the enucleated carpal bone(s). 




Carpo 

metacarpal 



Associated avulsion or compression “chip” fractures (radial 
or ulnar styloid ...) are frequent. One of them is an osteo- 
chondral fracture of the head of the capitate. In a dorsal 
PLD-PLFD, it is a conséquence of the impact of the dorsal 
lip of the lunate against the head of the capitate at the time 
of the dislocation. Depending on its size and its depth, an 
osteochondral fracture of the capitate may hâve a signifi- 
cant péjorative impact in terms of early midcarpal post- 
traumatic arthritis. 
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FIGURE 21-4 Unusual translunate perilunate dislocation variant. 


The most frequent types of PLD-PLFD are the dor¬ 
sal trans-scaphoid type (about two thirds) and the dorsal 
PLD type (about one third). 21 Other PLD-PLFD are classi- 
fied as variants and virtually every combination of in jury 
is possible. This is why so many case reports of unusual 
types of PLD-PLFD are found in the literature. A new type 
of translunate perilunate in jury was recently identified by 
Bain et al. 22-25 These authors identified in several patients a 
translunate arc of dislocation as depicted in Figure 21-4. The 
lunate may not be salvageable in most cases, which implies 
the choice of proximal row carpectomy in emergency. Due to 
the possibility of spontaneous réduction of any PLD-PLFD, 
one should discuss this diagnosis when faced with an in jury 
of the proximal row apparently not dislocated but present- 
ing with some chip fractures in the midcarpal joint. 26 This is 
especially true if the energy of the accident of this particular 
patient is known to hâve been severe. 

TREATMENT AND OUTCOMES 
Open Réduction and Internai Fixation 

There is evidence in the literature to support early operative 
treatment of these complex highly unstable injuries what- 
ever their type may be. 27-29 Not ail PLD-PLFD hâve the same 
severity in terms of displacements and fractures. The in jury 
being perilunate along a lesser or greater arc with virtually 
any possible combinations, the goal is to anatomically repair 
the bones and ligaments of the proximal row. 

The médian nerve is immediately at risk whatever the 
severity of the in jury. This is due to increased carpal tunnel 
pressure from dislocated bones with or without secondary 


hematoma. This is why immédiate closed réduction of the 
capitate-lunate joint using progressive distraction (10 lb) 
under anesthésia or analgesia is recommended by most 
authors. 30 This allows for traction radiographs as mentioned 
above and classification of the in jury according to the path 
of the trauma and the direction of displacement. In the vast 
majority of cases gross réduction of the midcarpal joint by 
closed maneuvers is successful. In that situation, surgery for 
anatomie réduction and fixation of the carpal bones can be 
performed within 24 to 48 hours. If necessary, a CT scan may 
be performed during this period. 

The surgeon should proceed directly to surgery in 2 situ¬ 
ations: first of ail, in the very rare situation where the mid¬ 
carpal joint is irreducible by closed means due to soft tissue 
interposition; second, the surgeon should proceed to immé¬ 
diate ORIF in some particular PLD-PLFD variants where the 
lunate, the proximal scaphoid, or the head of the capitate is 
completely enucleated. 

The best surgical approach(es) to achieve the above-men- 
tioned goals is still controversial. There is evidence in the 
literature that different surgical approaches may lead to sat- 
isfactory repairs and outcomes. A spécifie strategy for each 
individual case will allow choosing the best approach, each 
of them having its advantages and drawbacks. A limited or 
extended dorsal approach has a potential for exposing and 
fixing ail the proximal row bones and joints. A limited or 
extended palmar Russe approach shows the scaphoid well 
and may provide a view to the torn palmar ligaments lésions, 
but the palmar cutaneous branch of the médian nerve may be 
at risk in that situation. Combining the approaches improves 
visualization by définition but increases postoperative f ibro- 
sis and stiffness. Overall, surgical approach (es) according to a 
“surgical strategy” should give a good view at the whole extent 
of the pathology and be as mini-invasive as possible. This is 
why arthroscopic treatment of these injuries is emerging. 

When a classic ORIF is chosen, a large radial styloid frac¬ 
ture associated with the perilunar injury is well seen and 
fixed through a dorsal approach. A scaphoid fracture may be 
well seen and treated through a volar or a dorsal approach. 
The fixation will use a headless screw whenever possible to 
optimize quality of fixation and time of healing. However, 
some very unstable comminuted scaphoid fractures still 
require the use of K-wires. Well-placed K-wires are better 
than 1 poor screw. Cancellous bone grafting from the distal 
radius may be necessary. 

A scapholunate dissociation is well s een through a dorsal 
approach, but some advocate the use of combined palmar 
approaches for its treatment. Repair may use bone anchors 
and K-wires or cerclage wire. Combined scaphoid fracture 
and scapholunate dissociation may be encountered in PLD- 
PLFD. 31 Combining scaphoid fracture fixation and scapholu¬ 
nate ligament repair is the preferred method. 

A capitate fracture is well seen and fixed through a dorsal 
approach. It may be part of Fenton syndrome with rotation 
of the detached head fragment or may involve the body of 
the capitate. A palmarly dislocated capitate head requires a 
volar CT approach. 
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A lunotriquetral dissociation is well seen from dorsal. Its 
repair can be done from dorsal. One or 2 K-wires should sta- 
bilize the joint. A triquetral fracture is well seen and fixed 
from dorsal with 1 screw or 2 K-wires. An associated fracture 
of the lunate 32 is best seen and fixed through a palmar car pal 
tunnel approach. 

For énucléations of carpal bones 33,34 or part of carpal 
bones (lunate with or without the proximal scaphoid, proxi¬ 
mal scaphoid itself, or head of the capitate) reposition and 
fixation should be the first choice with inclusion into the 
anatomie repair of the whole in jury. A second choice may 
be a proximal row carpectomy at the acute stage, but this has 
to be discussed with the patient before the operation. There 
is evidence in the literature that the outcome of carpal bone 
reposition results more often in osteointegration than in 
necrosis despite the obvious lack of vascularity. 35 

In dislocations of the lunate, usually in a palmar direction 
there are few ligamentous connections left (short radiolunate 
ligament). There is a risk for ulnar translation of the carpus 36 
that can be prevented by inserting a radiolunate K-wire. 37 

When an osteochondral fracture of the capitate is seen, it 
should be classified according to Outerbridge and recorded 
in the patients chart as it may explain later capitolunate 
arthrosis. 

In a recent sériés of 25 dorsal trans-scaphoid PLFD with 
a mean follow-up of 45 months, 38 ail the scaphoid fractures 
had screw fixation through a dorsal approach. The dorsal 
part of the lunotriquetral ligament was repaired using a 
bone anchor inserted into the lunate and the LT joint was 
stabilized with K-wires. Ail scaphoids healed in 16 weeks on 
average. No arthritis was found in any patient at a follow- 
up comprised between 25 and 79 months. At the last follow- 
up examination, 88% of patients were able to return to their 
preinjury occupation. The arc of flexion-extension averaged 
113° and grip strength averaged 80% of the uninjured side. 
In another sériés of 14 dorsal trans-scaphoid PLFD with a 
mean follow-up of 8 years, 39 ail the scaphoid fractures had 
fixation through a dorsal approach followed by unevent- 
ful healing. The average Mayo score was 79%. The arc of 


flexion-extension averaged 112° and grip strength averaged 
79% of the uninjured side. The clinical results were very sim- 
ilar to the previously mentioned study, but 92% of the wrists 
had midcarpal arthritis at a follow-up comprised between 
40 and 160 months. There was no corrélation between this 
arthritis and the clinical resuit. 

In a recent sériés of 22 dorsal PLD with a mean follow-up 
of 49 months, 40 a combined dorsal and volar approach with 
intraosseous scapholunate wiring technique was used. The 
dorsal part of the lunotriquetral ligament was repaired using 
a bone anchor and the LT joint was stabilized with K-wires. 
At follow-up the scapholunate angle was maintained com- 
pared with the postsurgery angle (48°). At the last follow- 
up examination, 45% of patients were able to return to their 
preinjury occupation. The arc of flexion-extension averaged 
106° and grip strength averaged 77% of the uninjured side. 

Arthroscopically Assisted Réduction and 
Internai Fixation 

As stated above, the extent of the pathology in PLD-PLFD 
may vary depending on the energy of the in jury. Long-term 
posttraumatic arthrosis after PLD-PLFD is the rule 41 as 
depicted in an example shown in Figure 21-5. In PLD-PLFD 
without dislocation of the lunate, arthroscopic treatment 
may be a satisfactory new option as a mini-invasive approach 
in order to minimize postoperative stiffness and arthro¬ 
sis. 10,42-47 Although technically demanding, and provided that 
the surgeon uses a dry technique with automatic washouts 
(Fig. 21-6), it allows a complété and excellent visualization 
of the carpal joints and fractures (Fig. 21-7). Arthroscopy 
is particularly helpful in showing osteochondral fractures 
(Fig. 21-8), loose bodies (Fig. 21-9), as well as detailed views 
of fracture Unes (Fig. 21-10). Combined with fluoroscopy it 
allows internai fixation of fractures and K-wire stabilization 
of the carpal bones (Figs. 21-11 and 21-12). It is a modem 
and more efficient version of percutaneous pinning of PLD- 
PLFD 48 and relies on the fact that pinning the carpal bones 



FIGURE 21-5 Perilunate in jury after surgical treatment at the acute stage. Note the progression of arthrosis over the years. 
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FIGURE 21-6 Dry arthroscopy combined with automatic washouts t o 
clear the view and avoid wrist swelling. 



FIGURE 21-7 Dry arthroscopic midcarpal view of an acute perilu¬ 
nate dislocation from midcarpal radial portai. Note the complété luno- 
triquetral dissociation. 



FIGURE 21-8 Dry arthroscopic midcarpal view of an acute perilunate 
dislocation from midcarpal radial portai. Note the severe osteochon- 
dral fracture on the head of the capitate. 



FIGURE 21-9 Dry arthroscopic radiocarpal view of an acute peri¬ 
lunate dislocation from 6R portai. Note the large free osteochondral 
fracture. 


in anatomie position at the acute phase should allow for sat- 
isfactory intercarpal ligament healing. 7 

CONCLUSIONS 

Most PLD-PLFD are closed high-energy injuries, now rarely 
missed at the acute stage. They produce a disruption of the 
“carpal ring” described by Lichtman resulting in a severe 
acute traumatic carpal instability. PLD-PLFD essentially dis- 
rupt the proximal row. They may produce énucléation (s) of 
carpal bones (or part of them) that represent end stages, gen- 
erally produced by a sequential mechanism. Regarding the 
pathology, a myriad of combinations is possible. Ideally each 
dissociation spot, whether it is a fracture or an intercarpal 



FIGURE 21-10 Dry arthroscopic midcarpal view of an acute trans- 
scaphoid perilunate dislocation from midcarpal radial portai. The 
scaphoid fracture line can be seen and debrided as needed. 
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FIGURE 21-11 This dorsal trans-scaphoid perilu- 
nate dislocation was treated îvith arthroscopically 
assisted réduction and internai fixation. A mini¬ 
invasive dorsal approach was used to fix the scaphoid. 
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séparation, should be addressed by the surgical repair in 
order to restore the normal anatomy. This is why accurate 
récognition of the path of the in jury is of paramount impor¬ 
tance because surgical repair should address each component 
of that “trauma line.” Considering the impressive number 
of publications about variants of PLD-PLFD, it is virtually 
impossible to make exhaustive treatment recommendations. 
Understanding the paths of carpal dislocations from appro- 
priate radiographs and considering that both rows should 
be scrutinized in order to diagnose combined variants will 
allow appropriate treatment at the acute stage. ORIF remains 
the gold standard, but arthroscopically assisted treatment 
is emerging for the least severe types of perilunate injuries. 
A combination of arthroscopy and mini-invasive approach 
may be a safe and modem approach trying to minimize the 
normal tissue in jury related to exensive open approaches. 
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Salvage Procedures for the Wrist 
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The wrist is one of the most complex joints in the body and 
because of its remarkable range of motion it is vulnérable to 
injuries such as ligamentous sprains or fractures. 1-4 

If acute injuries such as a scaphoid fracture or scapholu- 
nate dissociation are left untreated, a characteristic pattern 
of progressive degenerative changes may occur, which hâve 
been termed scaphoid nonunion advanced collapse (SNAC) 
wrist and scapholunate advanced collapse (SLAC) wrist. 

Watson and Ryu classified the severity of degenera¬ 
tive changes (SLAC and SNAC wrist) in stages. 5 Stage 1 
SLAC involves degeneration of the radial styloid-scaphoid 
articulation. 

Stage 2 includes the entire radioscaphoid joint. Stage 3 
in volves capitolunate (CL) degeneration, whereas stage 4 
involves the radiolunate articulation, but this stage is uncom- 
mon. Similar to SLAC arthritis, stage 1 SNAC in volves 
the radial styloid-scaphoid joint. Stage 2 includes progres¬ 
sive degeneration of the radioscaphoid articulation between 
the distal pôle and the radial styloid and scaphocapitate (SC) 
degeneration. Stage 3 involves CL degeneration and progres¬ 
sion of the radioscaphoid and SC degeneration. The articu¬ 
lation between the proximal pôle of the scaphoid and the 
radius is generally spared (Fig. 22-1A and B). 

The standard surgical technique in stage 1 SNAC involves 
bone grafting of scaphoid and internai fixation of the scaph¬ 
oid nonunion line with a radial styloidectomy. In stage 1 
SLAC wrist a scapholunate ligament reconstruction is per- 
formed in combination with a radial styloidectomy. Stage 2 
in both instances can be treated with a proximal row car- 
pectomy (PRC) or a midcarpal arthrodesis combined with 
a scaphoid excision. In stage 3 SLAC and SNAC wrist there 
is capitate arthrosis; therefore, a PRC is not an option and 
some type of midcarpal arthrodesis with scaphoid excision is 
commonly performed. 

Viegas et al 6 classified the in jury of lunotriquetral (LT) 
ligament tears into 3 stages. Stage 1 is a partial or complété 
disruption of the LT interosseous ligament without clinical 
and/or radiographie evidence of a dynamic or static palmar 
intercalated segment instability (PISI). Stage 2 is a complété 
disruption of the LT interosseous ligament with clinical 


and/or radiographie evidence of a dynamic VISI deformity. 
Stage 3 is a complété disruption of the LT interosseous with 
a static VISI deformity. 

There are a variety of surgical procedures that can be used 
for salvage of the arthritic wrist, which will be discussed 
below. 


RADIAL STYLOIDECTOMY 

Radial styloidectomy is an early salvage procedure that 
may provide short-term relief of mechanical pain from 
radial styloid impingement. It is an acceptable alterna¬ 
tive to more aggressive procedures in patients with low 
functional demands or those who wish to defer more defini¬ 
tive treatment by means of a proximal carpectomy or lim- 
ited wrist fusion. Radial styloid impingement due to a SLAC 
or SNAC stage 1 is a common indication, and has been 
observed following a scaphotrapezial trapezoid (STT) or SC 
fusion. 

The main risk following a radial styloidectomy is ulnar 
translocation of the carpus. Nakamura et al observed sig- 
nificantly increased radial translation with ulnar and palmar 
carpal displacement after 6- and 10-mm radial styloidec- 
tomies and therefore recommended a styloidectomy of no 
more than 3 to 4 mm. 7 Patients who do not hâve an intact 
radioscaphocapitate ligament are at risk for ulnar translo¬ 
cation and are not candidates for this procedure, especially 
if a PRC is contemplated. Ulnar translocation is a fre¬ 
quent sequela of long-standing rheumatoid disease; hence, 
any patient with chronic wrist involvement is a poor candi¬ 
date for this procedure. 

A 3-cm incision was madeoverLister’stubercle protecting 
branches of the superficial radial nerve. The third and fourth 
extensor compartments are elevated and a capsulotomy is 
performed. Approximately 3 to 4 mm of the radial styloid 
is removed with an osteotome. Postoperatively the patient 
is splinted for the first week followed by progressive wrist 
motion and strengthening. There are few clinical studies 
reporting the results of an isolated styloidectomy. 
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FIGURE 22-1 A and B. Evaluation of SLAC and SNAC wrist in stages 11 o 3. 


SCAPHOCAPITATE ARTHRODESIS 

In 1946, Sutro 8 first described a SC arthrodesis for the treat- 
ment of patients with a scaphoid nonunion. Pisano et al 9 rec- 
ommended a SC arthrodesis in advanced Kienbôck disease, 
chronic scapholunate instability, and chronic scaphoid non- 
unions. Several biomechanical studies hâve been published 
that demonstrate that a SC fusion unloads the lunate by 
shifting the load to the radioscaphoid joint. Horii et al dem- 
onstrated unloading of the radiolunate joint by 12%, whereas 
the radioscaphoid forces increased by 9%. 

A scaphoid capitate fusion is indicated in arthrosis of the 
scaphotrapeziotrapezoid joint and chronic scapholunate dis¬ 
sociation or degenerative changes hâve occurred. 

This procedure can only be used with a normal 
radioscaphoid joint and is therefore contraindicated with 
SLAC and SNAC wrist stages 1, 2, and 3. 

The branches of the radial sensory nerve are identified 
and protected. The distal termination of the posterior inter- 
osseous nerve can be excised at the surgeons discrétion. 
The radiocarpal and intercarpal articular cartilage surfaces 
are carefully inspected for significant arthrosis. The status 
of the lunate is evaluated in Kienbôcks disease. In case of 
a chronic scaphoid nonunion the proximal fragment may 
be left in place to increase the fusion surface area. The 
adjacent articular surfaces of the scaphoid and capitate are 
removed. The idéal radioscaphoid angle is between 30° and 
57° based on a cadaver study 10 and the SC joint is stabilized 
with 2 guidewires. Cancellous bone graft is then packed 
into the SC interval. There are several options for final 
fixation including Kirschner wires, screws, Staples, or even 
small plates. We prefer using cannulated scaphoid screws 
(Fig. 22-2A and B). The screw is best placed from the lat¬ 
éral (radial) aspect of waist of the scaphoid into the médial/ 
distal part of the capitate to avoid necrosis of the head of the 
capitate. 

Occasionally a radial styloidectomy may be performed 
in situations of radial styloid impingement. Prior to wound 
closure, final radiographs are obtained to evaluate hardware 


placement, the radioscaphoid angle, and alignment of the 
fusion. The wrist is immobilized in a splint with slight wrist 
extension for about 6 weeks after operation. 

Sennwald and Ufenast performed a SC arthrodesis in 
11 patients with Kienbôck disease with a médian âge of 
26 years. Ten patients had grade III and 1 had grade II dis¬ 
ease by the Lichtman classification. The lunate was left in 
situ and a SC arthrodesis was performed with 2 lag screws 
and corticocancellous bone graft. At an average follow-up 
of 36 months 10 patients had complété pain relief and 1 had 
persistent pain. The average loss of the flexion/extension arc 
was 52%. 11 

Pisano et al examined 17 patients at 16 to 57 months 
(average, 23.4 months) after a SC arthrodesis. Indications 
for the surgery included scapholunate instability, isolated 
arthrosis, chronic scaphoid nonunion, and Kienbôck disease. 
SC fusion with autogenous bone grafting was used to bridge 
carpal spaces. Two patients had nonunion of the SC arthrod¬ 
esis, which required reoperation. Seven patients experi- 
enced persistent pain with heavy use; of these, 2 changed 
occupations and 1 remains disabled. Compared with the 
nonoperated side, SC fusion reduced the wrist extension an 
average of 28°, flexion 40°, radial déviation 14°, and ulnar 
déviation 14°. The greatest loss was of radial déviation. 
Static grip reached an average of 74% of the nonoperated 
side. More recently Delétang et al reported their expérience 
with 31 patients who were treated with an SC fusion for 
chronic scapholunate instability. At an average follow-up of 
5 years the average wrist motion was 41° in flexion and 39° 
in extension. Radial-ulnar déviation was 43°. Strength was 
32.5 kg. The DASH score was 27% and the PRWE was 25%. 
Fifty percent of the wrists were pain-free at rest. Ninety- 
four percent of patients were satisfled with the procedure. 
Seventy-eight percent of patients had returned to their occu¬ 
pation. Radiographie analysis revealed that consolidation 
was obtained at 10.1 weeks. The postoperative radioscaphoid 
angle was 55° with good radioscaphoid congruence. There 
was no osteoarthritis in the radioscaphoid joint in 84% of the 
cases. The nonunion rate was 13%. 9,12 
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FIGURE 22-2 A 30-year-old male patient with Kienbôck disease stage 3a ( A). Scaphocapitate arthrodesis with 2 cannulated screws 6 months post- 
operatively (B). 


FOUR-CORNER ARTHRODESIS 

Watson and Ryu 5 popularized the wrist salvage procedure of 
scaphoid excision and arthrodesis of the capitate, lunate, tri- 
quetrum, and hamate, which is known as a 4-corner arthrod¬ 
esis (FCA). 

Unlike a SC fusion this can be performed when there 
is radioscaphoid and CL osteoarthritis. It is indicated in 
SLAC and SNAC stages 2 and 3 and for severe midcarpal 
instability. 

This procedure can only be used with a normal radio- 
lunate joint and is therefore contraindicated when there is 
degenerative arthrosis between the radius and lunate. Other 
contraindications are Kienbôck disease and a wrist with 
ulnar translocation of the carpus. 

A dorsal approach is performed through an S-shaped 
centered incision over Lister’s tubercle. A radially based flap 
consisting of skin and subcutaneous tissue incorporating the 
superficial radial nerve is developed. The third extensor com- 
partment is opened and the extensor pollicis longus tendon 
and muscle is retracted radially. The second and fourth com- 
partments are left intact and elevated subperiosteally from 
the radius. The distal termination of the posterior interos- 
seous nerve is excised proximal to the fourth compartment. 
A ligament-sparing capsulotomy as described by Berger et al 
is performed by elevating the capsule off its insertion into the 
triquetrum while making an oblique incision along the course 
of dorsal radiocarpal ligament and the distal intercarpal liga¬ 
ment that are preserved (Fig. 22-3). 13 The scaphoid is excised 
with the aid of an osteotome and a rongeur. The remaining 



FIGURE 22-3 Ligament-sparing capsulotomy from a dorsal approach. 
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cartilage of the adjacent joint surfaces of the capitate, lunate, 
hamate, and triquetrum is completely removed down to 
bleeding cancellous bone. A K-wire is placed in the lunate 
and used as a joystick to correct the extended and ulnar devi- 
ated position. Two 1.5-mm K-wires are inserted into the cap¬ 
itate in a distal to proximal direction and advanced until they 
protrude slightly from the head of the capitate. 

Cancellous bone graft from either the radius or the iliac 
crest is inserted between the capitate, lunate, hamate, and tri¬ 
quetrum. The 2 K-wires are then advanced into the 1 unate. 
One or two 1.5-mm K-wires are used to stabilize the hamate 
to the triquetrum. Finally the K-wires between radius and 
lunate are removed. 

The wrist is immobilized in a circular forearm plaster 
cast for an average of 6 weeks. The K-wires are removed at 
approximately 12 weeks. 

More recently we hâve been using a spécial locking plate for 
this type of partial fusion (Medartis AG, Basel, Switzerland; 
Fig. 22-4A-G). The plate is available in 2 sizes and offers 

2 rows for implantation of the screws. The inner part has 
4 holes for compression of the carpal bones, the outer part 
8 holes for locking screws. Each of the fused 4 bones can be 
fixed with 2 screws. The main advantage of this new device 
is that immobilization can be very short because of the stable 
fixation of the fused 4 bones. The patients are mobilized after 

3 weeks of casting. 


Several fixation techniques as Staples, Kirschner wires, 
screws, and plates hâve been used to achieve fusion. Kirschner 
wire fixation has been proven effective, but requires a period 
of 6 to 8 weeks of cast immobilization to provide bony fusion. 
One of the first circular plates was the Spider plate (Spider 
Limited Wrist Arthrodesis System; Kinetikos Medical, Inc, 
San Diego, CA). One study however reported a significantly 
higher complication rate and lower union rate in a sériés of 
16 patients using circular plate fixation for FC A as compared 
with previously published techniques. 14 Nine out of the 
16 patients (56%) had complications, including nonunion 
(25%), delayed union (6%), dorsalimpingement (25% ), radial 
styloid impingement (6%), and broken screws (13%). This 
particular paper is more reflective of the surgical t echnique 
and learning curve of the surgeon rather than the implant 
per se. Merrell et al (the inventors of the plate) reviewed the 
outcomes in a consecutive cohort of 28 patients who under- 
went a standardized FCA with a second-generation circular 
plate and distal radius bone grafting for a diagnosis of SL AC, 
SNAC, or midcarpal arthrosis. 15 At an average follow-up of 
46 months, the wrist range of motion averaged 45% of the 
uninjured side (average extension, 35°; average flexion, 26°). 
Grip strength averaged 82% of the uninjured side. The mean 
visual analog scale pain and activity scores were 2.3/10 
and 2.4/10. Radiographs demonstrated union of the pri- 
mary CL fusion mass in ail of the cases. There was 1 case of 
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FIGURE 22-4 ( Continued ) E. Implantation of the locking plate with compression screws (yellow) as well as locking screws (blue) (Medartis AG). 
F and G. Postoperative x-ray pa/lateral after implantation of the locking plate. Physiotherapy for the wrist joint starts at 3 weeks postoperatively. 
The immobilization can be abandoned at this time. 


peritriquetral nonunion and 1 case of asymptomatic loss of 
radiolunate joint space, 1 screw back-out in 1 case, and the 
plate broke in 1 case. Two patients underwent reoperation, 
1 for radial styloid impingement pain and the other for lack 
of flexion. 

Gupta et al 16 recently described successful 4-corner fusion 
in 6 patients using a cervical H-plate. Ozyurekoglu and 
Turker 17 reported a midcarpal arthrodesis technique using 
percutaneous, transmetacarpal headless compression screws 
using the scaphoid as a bone graft. 

Krimmer et al reviewed 26 patients following a midcar¬ 
pal fusion at an average follow-up of 14 months and dem- 
onstrated an average increase in the grip strength of 23%, 
whereas the wrist motion decreased by 33% to 40%. 18 In an 
older sériés from 1994 Krakauer et al compared the outcomes 
of 6 different reconstructive procedures for stages 2 and 3 
SLAC wrist in 55 cases followed for an average of 50 months. 
Scaphoid excision and intercarpal arthrodesis was per- 
formed in 31 cases: FCA in 23 cases and CL arthrodesis in 
8 cases. PRC was performed in 12 cases, radioscapholunate 
arthrodesis in 5 cases, radioscaphoid arthrodesis in 3 cases, 
and primary total wrist arthrodesis in 4 cases. There were 
4 of 8 nonunions in the CL arthrodesis group compared with 
2/23 in the FCA group. A PRC preserved wrist mobility to a 
greater degree, with a flexion-extension arc of 71°. 19 


More recently Sauerbier et al reviewed 31 male patients 
(average 41 years) who were treated for SNAC or SLAC wrist 
with midcarpal arthrodesis. At a mean f ollow-up of 15 months 
the pain was reduced by 50%, grip strength improved to 60% 
of the opposite side, and active range of motion averaged 
50% of the contralatéral wrist. Four patients required a total 
wrist arthrodesis for a nonunion. 20 Bain and Watts reviewed 
31 patients at a minimum of 10 years of follow-up; there was 
no significant change in pain, wrist function, satisfaction, or 
arc of motion between 1 and 10 years after surgery. Two of 
35 patients had to be converted to a total wrist arthrodesis 
for ongoing pain. 21 Krimmer et al compared the functional 
outcome following 4-corner fusion and total wrist fusion for 
SNAC and SLAC pathologies. According t o the DASH score 
and the modified Mayo wrist score there were signifïcantly 
better results for the 4-corner fusion than for the total wrist 
arthrodesis. 22-24 

SCAPHOTRAPEZIAL TRAPEZOID 
ARTHRODESIS 

The STT arthrodesis was introduced by Witt 25 in 1956, 
Peterson and Lipscomb in 1967, and popularized by Watson 
in the 1980s. 26 " 28 
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The indications for STT arthrodesis include primary 
arthrosis or instability of the scaphotrapeziotrapezoid joint 
and chronic scapholunate dissociation and SL AC stage l. 29 

Further indications include Kienbôck disease stages 3a 
and b when there is an intact radioscaphoid joint because t he 
STT arthrodesis shifts the load from the radioulnar to the 
radioscaphoid column (Fig. 22-5). 30 " 33 



Contraindications include radioscaphoid and midcarpal 
arthrosis such as SNAC and SLAC stages 3 and 4. 

A dorsal S-shaped incision over the STT joint is made and 
a radially based skin and subcutaneous flap containing the 
superficial branch of the radial nerve is elevated from the 
extensor retinaculum. The second and third extensor com- 
partmentsareopened and the extensor pollicis longus tendon 




FIGURE 22-5 A. Technique with K-wire fixation and radial styloidectomy for a STT arthrodesis. B. Recommended radioscaphoid position with an 
angle between approximately 40° and 60°. C and D. A 28-year-old patient with a bony Consolidated STT arthrodesis due to Kienbôck disease. 
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and muscle is retracted radially. The posterior interosseous 
nerve is resected proximal to the fourth compartment. The 
capsule of the STT joint is opened with a transverse inci¬ 
sion. The remaining cartilage of the adjacent joint surfaces of 
the distal scaphoid, trapezium, and trapezoid is completely 
removed with a rongeur or osteotome. 1.5-mm K-wires are 
inserted in the trapezium and trapezoid from a neck dorsal 
distal. The radioscaphoid angle is set at between 40° and 60° 
and corticocancellous bone from the distal radius is inserted 
into the remaining gap. Then the K-wires are advanced into 
the scaphoid and buried subcutaneously. A radial styloidec- 
tomy is now routinely performed because of the likelihood of 
radial styloid impingement. 

The wrist is immobilized in a forearm cast for 6 weeks; 
K-wire removal is performed after 10 weeks. A locking plate 
(Medartis AG, Basel, Switzerland) has recently been devel- 
oped for an STT fusion. 

In a meta-analysis by Larsen et al, there was a 14% non- 
union rate of 385 scaphotrapezium-trapezoid arthrodèses. 34 
Kleinman and Carroll reviewed 47 wrists in 46 patients over 
a 10-year period and noted a complication rate of 52%. 35 
Failure to attain perfect scaphoid réduction consistently 
resulted in persistent incapacitating pain. Radial styloid- 
scaphoid impingement was effectively treated by simple sty- 
loidectomy. Carpal osteomyelitis, lunate avascular necrosis, 
pin-tract infection, progressive médial carpal translation, 
and intractable pain without arthrosis were some of the more 
common complications. Watson et al examined 28 cases of 
Kienbock disease treated with scaphotrapeziotrapezoid 
arthrodesis at an average foliow-up period of 51 months. 
Of these wrists, 9 required late lunate excision for pain and 
limited motion; however, only 3 patients in the entire sériés 
required further wrist salvage procedures (wrist arthrodesis, 
PRC). The wrist range of motion averaged 48° in exten¬ 
sion, 52° in flexion, 11° in radial déviation, and 27° in ulnar 
déviation. Using a subjective pain relief rating scale, patients 
reported excellent results in 12 cases, good results in 9, fair 
results in 4, and poor results in 2. 28 Sauerbier et al reviewed 
the results of 26 patients with stage 3 of Kienbock dis¬ 
ease treated with STT arthrodesis at a mean follow-up of 
35 months. The fusion healed in 25 patients at an average 
period of 7 weeks. Pain was reduced to 72% of the preopera- 
tive values at rest and 60% with stress. Active wrist range of 
motion was 65% of extension/flexion and 50% of radial/ulnar 
déviation on average compared with the contralatéral hand. 
The average DASH score was 24.8; the Mayo and Krimmer 
wrist scores averaged 66 and 67.8 points, respectively, 36 com¬ 
pared with the other side. Meier et al treated 111 patients 
with an STT fusion. Indications included chronic SL disso¬ 
ciation (n = 15), primary STT arthrosis (n = 11), advanced 
Kienbock disease (n = 84), and 1 dislocation of the trape¬ 
zium. At an average follow-up of 4 years (range, 2-8 years), 
the average wrist flexion/extension was (ROM) 81% of the 
preoperative value and 68% of the preoperative radial and 
ulnar déviation. The VAS were reduced to 76% (nonstress) 
and 55% (stress). The average grip strength improved to 
65% of the contralatéral side. The average modified Mayo 


wrist score was 66 points: 71 points for STT OA, 62 points 
in Kienbock disease, and 60 points in SL dissociation. The 
average DASH score was 27 points. 29 

SCAPHOCAPITOLUNATE (SCL) 
ARTHRODESIS 

Hom and Ruby 37 proposed unacceptable high nonunion 
rates in scapholunate arthrodesis in 1991. There hâve not 
been any improvement in complication rates in recent years 
and this fusion is no longer recommended. 

The SCL arthrodesis is an alternate treatment option 
in which the majority of the scaphoid is maintained to 
maximize physiological loading across the radiocarpal joint. 
A radial styloidectomy as well as a partial r esection of the distal 
scaphoid can also be added in cases of painful radioscaphoid 
impingement. 

Use the universal dorsal approach. The terminal branch 
of the posterior interosseous nerve is identified and resected. 
A dorsal longitudinal incision is then made through the 
third extensor compartment and the dorsal wrist capsule, 
extending into the radiocarpal and midcarpal joints. The 
scaphoid is examined. If 90% of the cartilage of the scaph¬ 
oid fossa is well preserved, Fernandez recommends keep- 
ing the scaphoid in SLAC and SNAC wrists and proceeding 
with the SCL arthrodesis. Otherwise, a 4CF or PRC is con- 
sidered. The distal fragment of the scaphoid is then excised 
in a piecemeal fashion, preserving the anterior capsule and 
ligaments. The cartilage and subchondral bone of the scaph¬ 
olunate, proximal SC, and CL articulations are removed. Any 
DISI deformity should be corrected while aligning the car- 
pus for percutaneous pinning. Cancellous graft is inserted 
between the surfaces and pins (guidewires) should be placed 
across the CL, the scapholunate, and SC joints. Cannulated 
screws can be then used for final fixation. If the proximal 
scaphoid fragment is too small to maintain an intact rim of 
cartilage-to-cartilage contact with the capitate radially, an 
additional corticocancellous bone strut can be inserted into 
the radial aspect of the capitate and the radial aspect of the 
proximal scaphoid fragment to maintain support and pre- 
ventcollapse of the scaphoid fragment. The wrist is immobi¬ 
lized for 6 weeks in a plaster forearm cast. 

The success rate of scapholunate arthrodesis is low, 
regardless of the fixation technique. There is an unaccept- 
ably high rate of nonunion and clinical failure. 37 In 2003, in 
a follow-up study of 9 patients wrist motion was preserved 
within the functional range, extension to an average of 46° 
(range, 35°-60°), palmar flexion 41° (range, 40°-60°), radial 
déviation of 17° (range, 10°-25°), and ulnar déviation 34° 
(range, 30°-45°). Grip strength averaged 63% (range, 25-100) 
and pinch grip 70% (range, 43-100) of the unaffected side. 38 

In a 26-month follow-up, Chantelot et al 39 analyzed the 
functional results. They noticed a loss of range of motion of 
between 20% and 40%, especially for radial tilt and flexion. 
The grip strength was improved; ail patients except 1 had 
residual pain. 
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Rotman et al performed a SCL fusion on 21 patients with 
an average âge of 31 years for chronic SL dissociation or a 
scaphoid nonunion. 40 The operative procedure was done 
through a dorsal approach, with the use of autogenous bone 
grafting and Kirschner wire fixation. At an average foliow-up 
of 28 months 81% healed after the primary procedure. The 
wrist motion averaged 35° of extension, 30° of flexion, 10° 
of radial déviation, and 20° of ulnar déviation. Grip strength 
averaged 70% of the uninvolved side. Pain was significantly 
reduced in 80% of the patients. Sixteen of 20 patients were 
able to return to work. The radiographie examination at final 
follow-up showed mild degenerative changes at the radiocar- 
pal joint in 2 patients. 

Klausmeyer et al recently reported their results in 
20 patients who underwent an SCL arthrodesis, and radial 
styloidectomy. 41 The patients’ âges ranged from 27 to 75 years 
(average âge 62 years). Seven patients were treated for SNAC 
wrists, 12 patients for SL AC wrists, and 1 for degenerative 
joint disease following a transscapho-transcapitate perilu- 
nar dislocation. Sixteen patients had Herbert screw fixation 
and 4 had Spider plate fixation. Ail patients had autologous 
bone graft used for the arthrodesis. The mean follow-up was 
4.6 years (range 2-9.6 years). Nineteen of 20 arthrodèses 
healed at an average of 9.6 weeks. One patient was reoper- 
ated 8 months after the initial operation with salvage of the 
SCL arthrodesis with a Spider plate with an adéquate resuit. 
Postoperatively, the mean active flexion-extension arc was 
70° and the radioulnar déviation arc was 23 °. Pain decreased 
in ail patients, 13 of whom were pain-free postoperatively. 
The average postoperative DASH score was 24 from 44 pre- 
operatively. Radiographically, there was no radiolunate or 
radioscaphoid OA. 

CAPITOLUNATE ARTHRODESIS 

Scaphoid excision and FCA has been an accepted motion- 
preserving therapy for the degenerative wrist. 42 " 45 Recently 
there has been support for isolated CL arthrodesis with 
excision of the scaphoid and also the triquetrum. 46,47 The 
excision of the triquetrum is supposed to hâve advan- 
tages in réduction of the lunate, decreases the potential for 
ulnocarpal abutment (in ulnar positive wrists), and avoids 
late pisotriquetral arthritis. CL arthrodesis also improved 
motion, even though it has not been clinically observed. 
Cohen et al 48 showed, in a biomechanical study using a 
wrist motion simulator, decreased pressure ulnocarpal in 
resection of the triquetrum in isolated CL arthrodesis. But 
there was no signifleant change in radiolunate contact area 
after triquetral excision. In agreement with Scobercea et al, 
Cohen et al 48 are concerned about the routine excision of the 
triquetrum. 

CL arthrodesis is used in degenerative arthritis that fol- 
lows scapholunate instability or scaphoid pseudarthrosis. 
Another indication is an isolated destroyed CL joint after 
fracture. A comparable and more often used alternative is 
the 4-corner fusion. 


The arthrosis of radiolunate joint as well as ulnar impac¬ 
tion syndrome is a contraindication for CL arthrodesis. 

A dorsal S-shaped incision is performed. A radially 
based skin and subeutaneous flap is made, containing the 
superflcial branch of the radial nerve. The third extensor 
compartment is opened and the extensor pollicis longus 
tendon and muscle is retracted radially. The second and 
fourth compartments are elevated subperiosteally from the 
radius. A segment of the posterior interosseous nerve is 
excised proximal to the fourth compartment. The capsule 
is opened with a radial-based flap, preserving the dorsal 
ligaments. 

Then excision of the proximal part of scaphoid follows. 
The distal part of the scaphoid has to be trimmed to a trap- 
ezoid size to increase the distance from the radial scaphoid. 
Provisionally a K-wire from scaphoid to capitate may be 
forwarded. To further enlarge the distance to the scaph¬ 
oid a radial styloidectomy (3 mm) can be performed. After 
exposing the CL joint, resection of the cartilage with inter¬ 
position of a bone graft is carried out. Another Kirschner 
wire is placed between lunate and capitate. Very important 
is now to check range of extension and flexion of wrist. For 
stable fixation the Kirschner wires are replaced with headless 
compressive screws. A cast immobilization for 6 to 8 weeks 
is recommended. 

Siegel and Ruby 49 reviewed the literature and com- 
pared different types of intracarpal fusion. The lunocapi- 
tate arthrodesis had higher incidence of nonunion than 
4-corner fusion (35% vs 4%), and also higher rates of com¬ 
plications (62% vs 26%). Calandruccio et al 46 reported com¬ 
parable fusion rates and range of motion to 4-corner fusion. 
Gatson et al 47 observed retrospectively no différences in grip 
strength, union rate, patient satisfaction, or need for révision 
surgery. Ferreres et al 50 reported in an 8- to 12-year follow- 
up with 17 patients a DASH score of 7.7 points (range 0-45), 
with only 1 case scoring over 40 points. According to the 
Mayo wrist score, there were 1 excellent, 5 good, 8 satisfac- 
tory, and 3 poor functional results, with an average score of 
68 points (range 50-90). 

LUNOTRIQUETRAL ARTHRODESIS 

LT ligamentous instability is a common pathology for ulnar- 
sided wrist pain. Ambrose and Posner described an “ulnar 
snuffbox test” in which the examiner puts pressure on the 
ulnar aspect of the triquetrum to verify LT and pisotriqu¬ 
etral pathology. 51 There are plenty of differential diagnoses 
such as distal radioulnar joint disease, extensor and flexor 
carpi ulnaris tendinitis, etc. For further diagnostic, stress 
views may demonstrate dynamic dissociation (stage 2 in the 
classification 6 ). 

Indications for LT joint arthrodesis are symptomatic 
unstable dissociation of the LT joint and LT joint degenera¬ 
tive disease. In case of positive variance of the ulna produc- 
ing an impaction syndrome, an osteotomy of the ulna may be 
performed additionally. 
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The LT joint is exposed through a transverse dorsal ulnar 
incision centered over the joint. The capsule is incised trans- 
versely to expose the LT joint. The adjacent articular surfaces 
of the lunate and triquetrum are removed with a rongeur t o 
expose cancellous bone. Rims of the opposing cortical edges 
are left intact to preserve relationship of the 2 bones. Best 
results are achieved in removing the articular surfaces of 
lunate and triquetrum in a biconcave way. The implanted 
bone graft harvested from the radius or iliac crest can be 
packed into the recesses of the concave spaces and displace¬ 
ment is so prevented. Two guidewires are positioned into t he 
ulnar aspect of the triquetrum and driven into the lunate. 
After x-ray control the guidewires are replaced through can- 
nulated screws (Fig. 22-6). Immobilization is needed in a 
forearm plaster cast for 6 to 8 weeks. 

Previously, Guidera et al 52 achieved primary LT arthrod- 
esis fusion using cancellous bone graft and K-wires in ail 
24 patients. Postoperative wrist flexion/extension averaged 
77%/80% of unaffected side. Pain relief had been good or 
very good in 83%. Bishop and coworkers compared LT 
reconstruction using a distally based strip of the tendon of 
extensor carpi ulnaris, LT repair, and LT arthrodesis after 
isolated LT injury. The mean follow-up was 9.5 years. Of 
the LT arthrodesis, 40.9% developed nonunion and 22.7% 
developed ulnocarpal impaction. The probability of not 
requiring further surgery at 5 years was 68.6% for recon¬ 
struction, 23.3% for repair, and 21.8% for arthrodesis. The 
DASH score for the arthrodesis group was 29.9, for the 
reconstruction group 19.7, and for the repair group 20.5. 
There was no significant différence. Objective improve- 
ments in strength and movement, and subjective indicators 
of pain relief and satisfaction were significantly higher in the 
LT repair and reconstruction groups than in those undergo- 
ing arthrodesis. 53 


RADIOCARPAL ARTHRODESIS 

Radiolunate (Radioscapholunate) Arthrodesis 

The radioscapholunate fusion already was introduced in 1955 
by Watson-Jones and Gordon and King in 1961 54 for post- 
traumatic radiocarpal arthrosis. It has been the last option 
in SLAC and SNAC stage 2. Nowadays the RSL arthrodesis is 
a reasonable option when the articular surfaces of the distal 
radius, proximal scaphoid, and/or proximal lunate are com- 
promised, especially after distal radius fractures. But reports 
of these operations are known only anecdotally. 

Garcia-Elias et al 55 reported in 2005 the distal scaphoid- 
ectomy as an additional option to the RSL arthrodesis to 
retain more motion in extension, flexion, ulnar déviation, 
and radial déviation of the wrist and help prevent secondary 
midcarpal arthrosis. 

In a few circumstances of SNAC pathology the proximal 
row might translocate ulnarly to such a degree that less than 
50% of its articular surface remains in contact with the lunate 
fossa of the distal radius. In these cases a 4-corner fusion 
might hâve difficulties for a proper realignment and the 
radioscapholunate arthrodesis can help out. 

The midcarpal joint must be carefully assessed for 
degenerative disease either in plain radiographs or with 
arthroscopy. 

Midcarpal arthrosis is the absolute contraindication for 
RSL fusion as well as ulnar impaction syndrome. 

A dorsal S-shaped incision is performed. As in most wrist 
procedures, a radially based skin and subcutaneous flap is 
made, containing the superficial branch of the radial nerve. 
The third extensor compartment is opened and the extensor 
pollicis longus tendon and muscle is retracted radially. The 




FIGURE 22-6 A. Intraoperative view for préparation of lunotriquetral arthrodesis due to instability. The lunate and the triquetrum (or corticocancel- 
lous strut) are ready to be inserted. B and C. Pa/lateral x-ray after LT arthrodesis with a 2-screw fixation technique. 
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second and fourth compartments are elevated subperioste- 
ally from the radius. The compartments are not supposed to 
be opened. A segment of the posterior interosseous nerve is 
excised proximal to the fourth compartment. The capsule is 
opened in line with the dorsal radiotriquetral ligament with 
a distally based flap. The carpus is exposed and the radio- 
carpal joint checked for arthritic changes. If there is arthro- 
sis in both joints, a RSL fusion cannot be performed and an 


alternative salvage procedure such as a total wrist arthrodesis 
or a total wrist arthroplasty should be considered. 

After the removal of cartilage from radius, lunate, and 
scaphoid, according to the amount of resected surface, the 
gap is filled with corticocancellous bone of the radius or iliac 
crest (Fig. 22-7). Next are performed réduction of the bones 
in normal anatomical alignment (réduction out of DISI of 
the lunate if necessary) and a stabilization with K-wires. 



FIGURE 22-7 A and B. Complété destruction of the left radiocarpal joint and instability ofthe DRU J in a 46-year-old male patient after a distal radius 
fracture and operation elsewhere. C and D. X-rays pa/lateral 6 months after an RSL arthrodesis and a Bowers hemiresection arthroplasty. 
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The idéal angle between radius and scaphoid should be 50° 
of flexion, while the lunate should be in neutral position. 

Garcia-Elias et al 55 reported in 2005 the distal pôle exci¬ 
sion of the scaphoid as an additional option to retain more 
motion and help prevent secondary midcarpal arthrosis. 
The average postoperative ranges of motion were 32° of flex¬ 
ion and 35° of extension. Two patients exhibited secondary 
midcarpal degenerative joint disease. These results were sig- 
nificantly better compared with those previously published 
about RSL arthrodesis alone without resection of the distal 
scaphoid in terms of residual pain and decrease of wrist 
radial déviation and flexion. 

The wrist is immobilized in a circular forearm plaster cast 
with inclusion of the proximal phalanx of the thumb for an 
average of 8 weeks. 

In early times there hâve been many studies reporting 
high complication rates such as nonunion of the arthrodesis, 
early progressive arthritis, or persistent pain. 19,56 

In a recent study, 57 73 patients were retrospectively 
evaluated, being treated by radioscapholunate fusion. The 
nonunion rate was high (21%). Ninety-seven percent of 
the patients showed satisfactory results even though func- 
tional limitation and residual pain existed. Arthrosis was 
found in 51%, mostly without affecting the clinical outcome. 
In a long-term follow-up the clinical outcome for radiolu- 
nate arthrodesis was good, with a mean visual analog score 
of 2 out of 10 for pain, mean grip strength of 13 kg, and mean 
range of flexion-extension of 60°. Outcomes as measured by 
questionnaires were good. The average DASH score was 
41 points. 58 

In our department both techniques are not used in SNAC 
wrist. However, an RSL fusion should always be considered in 
cases with isolated radiocarpal arthrosis instead of a total wrist 
fusion. Recently we started using a spécial RSL-locking plate 
with a low-profile design (Medartis AG, Basel, Switzerland). 
The preliminary cases seem to be promising because immo- 
bilization is only necessary for 3 to 4 weeks (Fig. 22-8). 


Proximal Row Carpectomy 

PRC is an effective treatment option for degenerative or 
posttraumatic osteoarthritis of the wrist. It in volves excision 
of the scaphoid, lunate, and triquetrum, and relies on the 
articulation of the remaining capitate from the distal row to 
articulate with the lunate fossa. 

Being a contraindication for PRC, Tang and Imbriglia 
recently described a new technique of resurfacing the capi¬ 
tate in capitate arthrosis. They reported on 8 patients with 
capitate arthrosis who underwent a PRC. Using a bone graft 
harvested from the resected carpals, they did osteochondral 
resurf acing of the capitate. At 18-month follow-up, results 
compared favorably with traditional PRC. 59 

Placzek et al reported in 8 patients PRC with capitate head 
resection and dorsal capsular interposition. In 1-year follow- 
up they found pain relief in 75% of patients, but no improve- 
ment in ROM or grip strength was found. 60 

PRC is indicated in stage 2 SLAC/SNAC if shorter immo- 
bilization is indicated and static grip strength is not as impor¬ 
tant as it is for heavy manual worker. 59,61 In that case 4-corner 
fusion wouldbe gold standard. PRC gives the best motion but 
may be associated with painful narrowing of the radiocapi- 
tate joint in the long term. Another indication is Kienbock 
disease stages 3a and b and in spécial cases stage 4. 

Osteoarthritis of the capitate head and lunate fossa is tra- 
ditionally a contraindication because of the expected nar¬ 
rowing of the radiocapitate joint. 19 Consequently, SNAC/ 
SL AC stage 3 is an absolute contraindication for PRC and 
midcarpal arthrodesis may be treatment of choice. 62 

An S-shaped incision over the wrist is performed. A radi- 
ally based skin and subcutaneous flap is made, containing 
the superficial branch of the radial nerve. The third extensor 
compartment is opened; the extensor pollicis longus tendon 
is retracted radially. The second and fourth compartments 
are elevated subperiosteally from the radius; a segment of the 
posterior interosseous nerve is excised proximal to the fourth 
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FIGURE 22-8 A. A 33-year-old female patient with arthroscopically confirmée! SNAC wrist stage 2. B. Intraoperative view at the intact head of the 
capitate after removing the proximal row. C. Postoperative pa x-ray after PRC. 


compartment. The capsule is opened with radial-based flap, 
preserving the dorsal ligaments. 

To continue with the PRC, the cartilage of the capitate 
must be intact. Then the scaphoid, lunate, and triquetrum 
are excised with an osteotome and a rongeur. One should be 
sure not to damage the palmar capsule and wrist ligament. 
Under spécial circumstances additional radial styloidectomy 
is needed. 

As soon as the proximal row is resected, the capitate will 
automatically articulate with the lunate fossa of the distal 
radius. The dorsal capsule of the wrist is closed tightly and 
the extensor retinaculum is closed including the sheath of 
the third extensor compartment within the EPL tendon. 

The wrist is immobilized in a circular forearm plaster 
cast without inclusion of the metacarpal joints as well as the 
thumb for an average of 2 weeks for shrinking of the capsule. 
Then physiotherapy can be started. 

After PRC 80% of the patients returned to their original 
occupation. 36 

Jebson et al reported visible radiocapitate degenerative 
changes in follow-up of 13 years. 63 Trànkle et al postulated 
postoperatively reduced pain in 87% of the patients and 
grip strength of 54% to the unaffected side; the DASH score 
was 27.8. 64 In 3 of 30 patients, Dacho et al reported visible 
radiocapitate degenerative changes at an average follow-up 
of 2 years, even though they were not associated with pain or 
loss of function. 61 

It can be concluded that PRC is a technically easy opera¬ 
tion that préserves a satisfying ROM and pain relief. 65,66 

Richou et al evaluated a long-term clinical outcome study, 
where less pain in ail 24 patients with PRC after an aver¬ 
age of 116 months was reported. Eighty-three percent of 
the patients were satisfied. Grip strength averaged 78% of the 
contralatéral site. 67 


Total Wrist Arthrodesis 

Today several salvage procedures are available to treat 
delayed posttraumatic disorders of the wrist. Partial wrist 
fusions are supposed to stabilize the carpus and immobilize 
destroyed articulating surfaces while allowing motion in the 
unharmed parts of the wrist. The total wrist arthrodesis is 
the leading salvage procedure if also the partial fusions fail. 

Field et al found a 25% incidence of “ulnar carpal pain” 
not otherwise specified following total wrist fusion. 68 The 
incidence of pisotriquetral dysfunction can be higher than 
literature, which suggests “ulnar carpal pain” could be due to 
pisotriquetral arthritis. Gatson et al do not recommend pro- 
phylactic excision of the pisiform, but patients undergoing 
wrist fusion should be assessed for pisotriquetral discomfort 
before surgery as physical examination and spécifie radio- 
graphs to look for degenerative changes. In a recent study 
Gatson et al reported a rarely documented complication of 
the total wrist arthrodesis: the pisotriquetral dysfunction 
resulting in degenerative changes. 69 

The main reason for total wrist arthrodesis includes the 
panarthrosis of the wrist and remaining pain after other 
midcarpal and carpal salvage procedures. 

Using a straight dorsal approach from the third metacar¬ 
pal bone to the distal radius, the second, third, and fourth 
extensor compartments are opened. The fourth compart¬ 
ment is subperiostally removed. The posterior interosseous 
nerve is resected if it is still untouched. The joint capsule is 
incised either with a radial-based flap or in a longitudinal 
manner. The cartilage ofthe radiocarpal as well as the affected 
intercarpal joints is removed with a rongeur or an osteotome. 
According to the amount of resected surface, the gap is filled 
with compression-résistant corticocancellous bone from the 
radius or under most circumstances from the iliac crest. The 
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carpometacarpal joints should not be touched. Plate fixation 
is the standard technique for total wrist arthrodesis. In the 
last decade the AO wrist fusion plate was used by most hand 
surgeons. 70 The fusion plate is positioned from the proximal 
part of the third metacarpal bone till the distal dorsal radius, 
in 10° extension of the wrist. For further compression an 
additional screw can be placed into the capitate bone. 

The wrist is immobilized in a circular forearm plaster 
cast without inclusion of the metacarpal joints for an aver¬ 
age of 6 weeks. Recently we started the use of a new locking 
plate with a low-profile design (Medartis AG). The plate is 
available in 2 versions without bridging the CMC joint (long 
plate for regular wrist, short plate for arthrodesis after PRC; 
Fig. 22-9). Another type of this locking device is available in 
a longer version for bridging the CMC joint over the third 
metacarpal without fusion of the CMC. The plate may be 
used for wrist fusion under spécial circumstances such as 
rheumatoid arthritis, tumor resection, or other complicated 
wrist arthrodesis. 

Nagy and Büchler recommended that the third carpo¬ 
metacarpal joint should not be included in the fusion mass. 
In 30 wrists where the third carpometacarpal joint was not 
included in the fusion, patients hâve been free of symptoms 
after plate removal. In comparison, 20 wrists that underwent 
third carpometacarpal joint arthrodesis had nonunion after 
plate removal. 71 


After reviewing the literature amazingly different results 
can be found. Watson et al hâve documented good pain 
relief and stable, functional wrists in a long-term folio w-up. 72 
However, there are up to 100% of complications reported in 
AO plate fusions such as nonunion, malalignment, infec¬ 
tion, pain, hardware loosening, and tendon rupture. 73 Recent 
studies demonstrated that a total wrist arthrodesis does not 
always lead to complété pain relief. 70,74 

Kalb et al as well as Sauerbier et al showed remaining 
complaints after total wrist arthrodesis in patients with post- 
traumatic wrist arthrosis or Kienbôck disease. Eighty percent 
of the patients complained about réduction of postoperative 
quality of life. Personal hygiene and washing the back may be 
pretty difficult with a fused wrist. Adey et al showed that 90% 
would elect to hâve a procedure that would improve wrist 
motion. 75 Bolano and Green 76 report of pain under stress in 
two thirds of the patients. Surprisingly most of the patients 
would undergo the procedure again. 70,74,77 

Sixty-four percent of the patients were complaining about 
persisting pain after total wrist arthrodesis. 75 Sauerbier et al 
supported these data by using the DASH score for compari¬ 
son of total wrist arthrodesis and motion-preserving proce¬ 
dures. 70,74 The overall DASH score was 51.4. However, 70% of 
the patients returned to their original occupation. 74 

Regarding the ROM, performance of activities of daily 
life, and patient s satisfaction, the limited wrist arthrodesis 



FIGURE 22-9 A and B. A 47-year-old gardener with wrist arthrosis. 
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FIGURE 22-9 ( Continued) C and D. Intraoperative viewof theimplantedlockingdevice (Medartis AG, Basel, Switzerland). The CMC joint is spared. 
E. Postoperative x-ray latéral. 


is superior to total wrist fusion. 24 The DASH score and ADL 
reports emphasize the data. 70 Total wrist arthrodesis should 
only be used for exceptional circumstances as last line of 
defense. 
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Soft Tissue Coverage of the Carpus 

Günter Germann, MD, PhD 



INTRODUCTION 

Sensibility, strength, dexterity, and aesthetics of the hand 
play an important rôle in the appearance and the overall 
impression of a person, since the hand is our most visible 
“contact zone” secondary only to the face. Soft tissue inju¬ 
ries of the forearm with exposed tendons, bones, or joints are 
therefore a major reconstructive challenge. 

Advances in anatomy instrumentation and innovative 
microsurgical techniques hâve significantly changed the soft 
tissue reconstruction of the upper extremity. Continuai 
refinements in the design and harvesting of f laps hâve led to 
improved aesthetic and functional results forboth microsur¬ 
gical free flaps and régional flaps. 

A 1-stage reconstruction of the extremity is now the 
accepted standard, including tendon transfers, bone recon¬ 
struction, or nerve grafting, at the same time as the soft tis¬ 
sue coverage. 1 

Based on these changes the current concept of recon¬ 
struction consists of custom tailored solutions to match the 
individual profile of the patient—as minimal as possible 
but as complex as necessary. In certain situations a free flap 
might be the method of choice, whereas in other cases a sim¬ 
ple skin graft may suffice. In cases where a complex proce¬ 
dure is the first choice the reconstructive ladder is replaced 
by the “reconstructive elevator.” 2,3 


RELEVANT ANATOMY 

There are 2 venous Systems: a deep System consisting of 
paired or single venae comitantes accompanying the arteries 
and a superficial, large-caliber cutaneous System. 

The radial artery lies deep to the brachioradialis muscle 
in the proximal half of the forearm and latéral to the flexor 
carpi radialis (FCR) tendon at the distal radius and gives 
off fasciocutaneous and septocutaneous perforators in the 
snuffbox, which are feeding a variety of flaps. The ulnar 
artery is larger than the radial artery, lies between the flexor 


carpi ulnaris (FCU) and the flexor digitorum profundus 
muscles, and gives off the common interosseous artery in 
the proximal forearm, which divides into the anterior and 
posterior interosseous arteries. The anterior interosseous 
artery runs along the ventral aspect of the interosseous 
membrane (IOM) and sends skin perforators that supply 
the skin of the distal two thirds of the forearm. It divides 
near the wrist into 2 terminal branches that join t he ante¬ 
rior and dorsal networks and anastomose with the poste¬ 
rior anterior artery near the ulnar head to form an arterial 
loop. The posterior interosseous artery (PLA) pénétrâtes t he 
IOM to run along the dorsal aspect of the IOM, distal to 
the supinator muscle and proximal to the ulnar head in the 
intermuscular septum between the extensor carpi ulnaris 
and extensor digiti minimi muscle. The cutaneous perfora¬ 
tors supply the extensor side of the proximal two thirds of 
the forearm. 

The dorsal ulnar artery branch arises from the ulnar 
artery 2 to 6 cm proximal to the pisiform, and supplies the 
FCU muscle, the pisiform, and the skin along the ulnar side 
of the forearm before joining the dorsal carpal arch. 

The 4 main arteries contribute to the vascular wrist Sys¬ 
tem and build a palmar and dorsal network of transverse 
arches. There are 2 palmar (superficial palmar and deep pal¬ 
mar arch) and 3 transverse dorsal carpal arches (basal meta- 
carpal arch, dorsal intercarpal arch, and dorsal radiocarpal 
arch) that are formed by the radial, ulnar, and interosseous 
anterior arteries. The PI A is less important for the supply of 
the wrist. 4-6 


CHOICE OF FLAPS—RECONSTRUCTIVE 
STRATEGY 

Ail of the flaps are raised under tourniquet control and loupe 
magniflcation. 

The choice of flap is dépendent on the site and complex- 
ity of the defect, the available reconstructive options, and the 
patient anatomy. 1-3,7 


299 


300 


Section II Carpus 


Régional and Distant Flaps 

Régional flaps can be divided into several types of flaps: 

1. Axial flaps based on forearm arteries, which include the 
septocutaneous and radial fascial forearm flap, the ulnar 
artery flap, and the posterior interosseous flap 

2. Perforator flaps based on perforating vessels arising f rom 
the larger arteries or the carpal arch such as the distal 
ulnar perforator flap (“Becker flap”), distal radial perfo- 
rator flaps (“free style flaps”), and proximally pedicled 
DCA flaps (for smaller defects) 

GROIN FLAP 

The groin flap can be raised as a pedicled or free flap. The 
pedicled version is a very reliable flap that can be raised 
swiftly. A free flap is characterized by its short pedicle and 
small vessel diameters thus limiting the versatility of the flap. 
Even in patients with a higher body mass index (BMI) the 
groin flap mostly provides reasonably thin cutaneous tissue. 
Flap dimensions are up to 10 x 25 cm. 8 

Indications 

Defects of palmar and dorsal aspects of the carpus and the 
distal forearm. 

Soft tissue coverage when a secondary procedure, that is, 
toe transfer is planned. Advantages include the fact that a 
large flap is possible and the donor site is inconspicuous with 
minimal morbidity. Disadvantages include the fact that it is 
pigmented, has a short pedicle, is very often bulky that may 
require a secondary defatting, and, if used as a pedicled flap, 
requires immobilizing the hand in a dépendent position that 
can lead to upper extremity stiffness. 

Contraindications 

Need for early physical therapy after complex injuries. 

Older patients where shoulder immobilization may be 
inappropriate. 

Anatomy 

The flap is supplied by the superficial circumflex iliac 
artery that is 0.8 to 1.8 mm in diameter and 1.5 to 2.0 cm 
long. The flap is drained by the deep and superficial veins 
that are 2.0 to 3.0 cm in diameter and 2.5 to 4.0 cm long. 
The flap is usually nonsensate, but it can be innervated by 
incorporating the T12 intercostal branches. The venous 
drainage is quite variable. The groin area is drained by the 
superficial epigastric vein (SEV), the superficial circum¬ 
flex iliac vein (SCIV), and the associated venae comitantes. 
These veins drain into either the saphenous bulb or the 
fémoral. 


Surgical Technique 

The flap should be designed so that one third is above and 
two thirds below the inguinal ligament. The pedicled flap is 
harvested under loupe magniflcation from the latéral border 
near the anterior superior iliac spine above the fascia. The 
vessels are dissected up to the médial border of the sarto- 
rius. The médial part can be tubed to allow more flexibility 
when inserting the flap. When used as a free flap, sometimes 
a médial dissection after Doppler identification of the course 
of the vessels may be helpful. 

The fascia of the sartorius muscle is sometimes in immé¬ 
diate proximity to the vessels and can be included to avoid 
in jury to the vessels. The vein and artery do not always run 
together. Care has to be taken to trace both vessels to their 
origin from the fémoral vessels. If the artery appears too 
small, a small cuff of the fémoral artery can be taken in rare 
cases to facilitate the vascular anastomosis. 

Complications are rare in the pedicled groin flap. Distal 
necrosis may occur and can usually be solved by reinsetting 
of the flap. More common is tearing out of the flap when 
the patient tries to move the hand, and the hand is not suf- 
flciently secured. 

Additional complications can occur when the flap is 
divided; therefore, I would recommend following the prin- 
ciple of “eut and run,” meaning division of the flap without 
immédiate insetting. 

When the flap is too long, distal venous congestion may 
occur. Tubing of the proximal part may also impair the distal 
perfusion. 

This frequently results in partial necrosis of the flap. We 
prefer to leave a generous distal portion at the defect site and 
debulk it at the time of pedicle division. Within a fewdays it 
becomes apparent which parts of the flap may not survive so 
that the vital parts can be safely inserted to close the defect 
deflnitively. 

Although we still consider the groin flap a valuable option, 
it has to be emphasized that usually 4 to 5 surgical proce¬ 
dures are required to reach a final resuit. Not ail of them 
require general anesthésia, but it may take up to more than 
1 year until debulking and contouring is completed, which 
is an argument in favor of free tissue transfers in some cases 
despite the potential risks. 

REGIONAL FLAPS 

Proximal Dorsal Metacarpal Artery (DMCA) 
Flaps 

These flaps are based on the metacarpal arteries arising from 
the dorsal carpal arch. 4-6,9,10 

INDICATIONS 

Smaller defects around the wrist that can be reconstructed 
with a reverse proximal pedicle flap. 
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CONTRAINDICATIONS 

Defects that are too large for this type of flaps. 

Injuries to the dorsal carpus with potential disruption of 
the feeding vessels especially in cases of previous skin graft 
over the dorsal wrist. 

SURGICAL TECHNIQUE 

The flap design is centered over the course of the vessel that 
has been identified and marked by Doppler examination. 
The flap dissection starts distally in the web space to achieve 
a wide arc of rotation and includes the fascia of the interos- 
seous muscle to be sure that that artery is included. The flap 
dissection then proceeds proximally until the necessary arc 
of rotation is secured. 

Advantages include a versatile flap design and primary 
closure of the donor site. 

The disadvantages include need for a meticulous dissec¬ 
tion especially when the intertendinous connections obstruct 
the view and the flap is only suitable for small defects. 

Complications are rare. The most important tip for dis¬ 
section is to identify the palmar-dorsal perforator in the web 
space to trace the artery proximally. The fascia of the interos- 
seous muscle should be included. 

A potential pitfall is the handling of the intertendinous 
connections. In our practice it has proven to be useful to 
divide those and reattach them later. Sometimes it can be 
even helpful to include a muscle cuff to secure the pedicle. 

Indications for these flaps are rare and we hâve only used 
these flaps on a few occasions. However, it still is a good 
option, when small defects cannot be reconstructed with a 
local rotation flap. 

Radial Forearm Flap 

The “classic” radial forearm flap in ail its modifications is 
based on the radial artery that has to be sacrificed for this 
flap. It can be used as a distally based pedicle flap for cov¬ 
erage of ipsilateral carpal or distal forearm defects, or as a 
free flap for coverage of contralatéral palmar defects. It can 
be also raised as a fascial flap, either pedicled or free. Flap 
dimensions can be up to 8 x 20 cm. 11,12 

INDICATIONS 

This includes defects around the wrist, flow-through flap 
reconstruction (as a free flap), and coverage of palmar 
defects (as a fascia flap). 

CONTRAINDICATIONS 

Donor-site defects in younger female patients can be unsightly. 
Severe arterial disease, heavy smokers, or severe diabètes. 

ANATOMY 

This flap is supplied by the radial artery and its perforators 
with a vessel diameter of 3 to 4 mm and it is drained by the 2 


venae comitantes with a diameter of 3 to 5 mm and superfi- 
cial veins. The pedicle length is up to 15 cm. The flap can be 
innervated by incorporating the latéral antebrachial cutane- 
ous nerve. 

SURGICAL TECHNIQUE 

The flap design is centered over the course of the vessel that 
has been identified by Doppler preoperatively. Flap harvest 
is performed under tourniquet control. The radial artery is 
identified distally so that the pedicle can be securely traced. 
The flap is then incised circumferentially. The dissection 
proceeds subfascially toward the pedicle. I usuallystartfrom 
the ulnar side, but this is not mandatory. Care has to be taken 
to preserve the septal connection including the perforat- 
ing vessels supplying the skin island. After the flap is com- 
pletely raised, the tourniquet is let down and flap perfusion is 
checked. Then a vascular cl amp is applied to the inflow from 
the proximal artery. Flap perfusion should be still normal 
for a couple of minutes before the proximal artery is ligated 
and the flap can be rotated into the defect. A primary closure 
of the donor site can be performed with narrow donor-site 
defects, whereas wider defects usually need full-thickness or 
thick split-thickness skin grafts (Fig. 23-1A-C). 

In case of a free flap transfer we also temporarily occlude 
the distal pedicle to ensure sufficient flap perfusion before 
pedicle division. 

Fascial flaps are raised using the same technique except 
that the incision is centered over the vessel and the dissec¬ 
tion proceeds from there toward the edges of the outlined 
flap dimensions. Advantages of this flap include the ability 
to reconstruct large defects; the pedicle is long and reliable 
for wide arc of rotation; it expériences a free flap; it can be 
harvested as a complex flap including tendon and bone; and 
it is a thin flap even in obese patients. Disadvantages include 
the need to sacrifice each artery, along with a conspicuous 
donor site with the risk of tendon exposure distally if a skin 
graft does not take completely. 

Complications are rare. The most frequent complications 
include distal venous congestion and incomplète take of the 
skin graft for the donor site. 

Several considérations should be kept in mind. The arc 
of rotation should not be too acute to avoid venous kink- 
ing. The flap should be designed 10% larger than the defect 
to prevent undue tension of the flap edges. The paratenon 
of the flexor tendons, especially of the FCR, should be pre- 
served to provide a better wound bed for the skin graft. 
Distally it is important to dissect around the tendons of 
the FCR and brachioradialis to harvest the septum with the 
vascular pedicle. 

Most publications stress the importance of a positive 
Allen test to make sure that the vascular arch between ulnar 
artery and radial artery is intact. Personal expérience and 
those of others hâve shown that in cases of doubt the dis¬ 
section can be started proximally and ends 4 to 5 cm proxi¬ 
mal to the wrist. There are multiple connections around the 
wrist that still provide sufficient distal inflow to facilitate a 
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FIGURE 23-1 A. Contact burn to the thumb and the web space. 
B. A classic radial forearm flap is raised. The skin island is designed in 
a way that allows primary closure of the donor site to reduce donor-site 
morbidity. C. The flap has healed completelybut shows the typical post- 
operative swelling that usually dissolves within 12 weeks. 


pedicled radial forearm flap. Our expériences with this flap 
are excellent and it remains a workhorse for us. 

ULNAR ARTERY FLAP (“BECKER FLAP”) 
Anatomy 

The ulnar artery flap, in contrast to the radial forearm flap, 
is based on a strong perforator vessel that is approximately 


1.5 mm in diameter, with accompanying veins of up to 1 mm 
in diameter that originate from the ulnar artery 3.5 to 4 cm 
proximal to the wrist crease and pass under the ulnar aspect 
of the FCU tendon. 

The flap is centered over the ulnopalmar aspect of the 
forearm. Flap dimensions can reach 4 to 6 x 20 to 24 cm. The 
flap is not innervated. 13 

Indications 

This flap is indicated for defects of the palmar and dorsal 
aspects of the wrist, and dorsum of the hand in addition to 
selected defects in the palm, which require contouring. 

Contraindications 

The flap was indicated with a history of blunt trauma or 
lacérations to the ulnar wrist that may damage the pedicle. 
The conspicuous donor site maypreclude this flap in female 
patients. 

Surgical Technique 

The flap is outlined over the course of the ulnar artery on 
the ulnar-palmar aspect of the forearm. The dissection starts 
distally by incising the flap and identifying the perforator 
vessel passing under the FCU tendon. As soon as this ves¬ 
sel is identified, the incision is extended palmarly exposing 
the ulnar neurovascular bundle. The flap includes the fascia 
of the FCU, which is peeled off the muscle. The dissection 
proceeds distally after the ulnar border of the flap has been 
incised. The flap is thin so the perforator vessel arborizing in 
the subcutaneous layer can be recognized. 

There are 2 ways of rotating the flap into the defect. One is 
to leave the most distal part of the flap (distal to the entrance 
of the perforator) intact that leaves a small dog ear after the 
flap has been rotated into the defect. This may help prevent 
kinking of the pedicle. Other authors raise the flap as a pro- 
peller flap by isolating the pedicle and tracing back to its exit 
point underneath the FCU tendon. This increases the arc of 
rotation and prevents the necessity of secondary debulking. 
Advantages include the fact that it is a long, narrow flap with 
a wide arc of rotation, the donor site can be closed primar- 
ily in many cases, it is a reliable flap due to the consistent 
vascular anatomy, and it does not require sacrifice of a major 
artery. 

Disadvantages include the fact there is a dog ear at the 
pivot point, and wider flaps may need skin grafting of the 
donor site. 

Complications, Tips, and Tricks 

The Becker flap does not hâve many inhérent complica¬ 
tions. The vascular supply is robust and constant. We hâve 
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also designed this flap in some cases with a cutaneous tail by 
extending the distal portion of the flap to facilitate donor-site 
closure. 

For smaller defects, the flap can be raised as a fascial flap. 
We hâve performed this flap on a few occasions and found 
it to be very valuable as an alternative when other options 
are not available, or are not considered to be best suited for 
defects of both aspects of the wrist and hand. 

POSTERIORINTEROSSEOUS 
ARTERY FLAP 

Anatomy 

The PIA flap is usually raised as a distally based pedicle 
flap. It can be harvested in rare cases as a proximally based 
pedicled rotation flap or a free flap based on the proximal 
outflow. 

The flap is centered over the course of the posterior inter- 
osseous vessels where they penetrate through the IOM prox¬ 
imal to the wrist. The PIA is 0.8 to 1.2 mm in diameter at this 
point and is accompanied by 2 concomitant veins. It runs 
proximally between the tendons of the ECU and the EDM. 
The flap dimensions can be as large as 6 x 15 cm and is usu¬ 
ally not innervated. 14 

Indications 

Indications include defects of the wrist area or the dorsum of 
the hand, defects in the first web space after release of burn 
contractures, and reconstruction of the first web space in 
congénital hand deformities. 

Contraindications 

The flap was contraindicated with open trauma to the dor¬ 
sal wrist area with the possibility of injury to the PIA and 
cases where the flap reaches so far proximally that there is 
a risk of interfering with the radial motor branches during 
flap dissection. 

Surgical Technique 

The flap is outlined over the ulnar-dorsal aspect of the prox¬ 
imal forearm. The point where the PIA pénétrâtes through 
the IOM is determined by Doppler examination. The dissec¬ 
tion starts by identifying the tendons of the ECU and EDM 
bordering the septum containing the perforating vessels, 
which can be traced to their exit point from the IOM. 

The dissection then proceeds proximally, taking care to 
preserve the integrity of the septum and to constantly check 
the course of the ECU and EDM. The fascia of the muscles is 
peeled off and included with the septum. At some point the 


vascular pedicle runs directly on the periosteum of the ulna 
so that many authors recommend including a strip of peri¬ 
osteum from the ulna to help prevent in jury to the pedicle. 

The flap is then dissected until the first motor branches of 
the posterior interosseous nerve are encountered. I n selected 
cases, 1 of the motor branches can be divided to increase the 
pedicle length. The dissection stops at this point. A micro- 
vascular clamp is applied to the proximal artery and the 
tourniquet is released to check flap perfusion. If flap is well 
perfused, it is rotated into the defect (Fig. 23-2A-E). 

Donor-site closure can be achieved primarily, when the 
defect is smaller than 6 cm, but most frequently it requires 
a skin graft. 

The PIA flap raises frequently discussions between sup¬ 
porters and opponents of this flap. Venous congestion is fre¬ 
quently observed but apparently résolves in the majority of 
cases. One way to avoid this could be to leave a wider strip 
of fascia distally that contains small venous branches which 
drain into other vessels that the pedicle veins. 

The arc of rotation is also important to avoid venous con¬ 
gestion. Any sharp angle should be avoided. Any tissue avail¬ 
able around the pedicle may also support venous drainage. 

Proximal in jury to motor branches of the radial nerve 
poses the greatest danger. They hâve to be identified during 
dissection and spared. However, in some cases of absolute 
necessity, 1 of these branches may hâve to be divided to reach 
the planned flap length and arc of rotation. 

In these cases one should consider this pedicle more prox¬ 
imally until the vessel diameter reaches a caliber that is suit- 
able for microanastomoses, and then raising this as a free flap. 

It is of utmost importance to identify the ECU and EDM 
tendon before starting the dissection, since it is very easy to 
slip into the wrong dissection plane between the “wrong” 
muscles. 

Our expérience is mixed. We encountered some form of 
venous congestion in many flaps, but lost only 1 due to per¬ 
sistent venous congestion. However, the flap is not one of our 
preferred flaps, but after taking the précautions described 
above it still is a valuable option for the right indication. 

FREE FLAPS 
Fascial Flaps 

Fascial flaps hâve gained increasing popularity in recon¬ 
struction of defects in the hand, on the palmar side as well 
as for the dorsum of the hand. They provide thin and supple 
tissue that provides a perfect gliding surface for the underly- 
ing tendons, but possesses sufficient durability to withstand 
pressure loads during gripping. They are usually simultane- 
ously combined with split-thickness skin grafts for epider- 
mal reconstruction. 

There is a choice of fascial flaps available. The superficial 
tempoparietal fascia flap (TPF) has the most inconspicuous 
donor site with only a small risk of limited alopecia along the 
incision line. However, the veins of the vascular pedicle may 
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FIGURE 23-2 A. Burn contracture of the first web space with severe 
functional impairment. B. The contracture is released from the web 
space to the distal area of the dorsoradial forearm. C. A posterior 
interosseus flap (PLA) has been raised based on the vascular arcade 
running in the intermuscular septum. D. The flap fits perfectly into 
the defect. E. Postoperatively the flap shows some swelling, which is 
usually treated bylymph drainage and compression garments. 



be very small or even absent. Other fascial flaps suited for 
the upper extremity are the serratus anterior fascial (SAF) 
flap, the radial forearm fascia (RFF) flap, the latéral arm fas- 
cia flap, and the antérolatéral thigh fascial flap. This chapter 
will discuss only the TPF and the S AF flap. 15 

Tempoparietal Fascia Flap (TPF) 

ANATOMY 

The TPF is not an innervated flap based on the superficial 
temporal artery (STA) running on the fascial layer under 


the skin. The STA has a diameter of 1 to 1.5 mm and the 
venae comitantes hâve a diameter of 0.8 to 1.5 mm. They 
supply the superficial fascial layer as well as the deeper 
layer. Both can be raised together, if a composite transfer 
is indicated. It is ideally suited for situations where thin, 
supple coverage with no bulk is required. Flap dimensions 
can reach 8 X 12 cm. 13 


INDICATIONS 

This flap is suitable for defects of the palm, dorsum of the 
hand, and wrist. 
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CONTRAINDICATIONS 

The flap is not indicated when there is an in jury to the donor 
site. 

SURGICAL TECHNIQUE 

The flap is based on the superficial temporal vessel. The ves- 
sels run on the surface of the flap, which makes the dissec¬ 
tion more complicated than in many standard flaps. Care has 
to be taken to stay in the right dissection plane. Preinjection 
of the incision line with local anesthésia + epinephrine helps 
to keep the T- or Y-shaped incision bloodless. The flap is 
then raised in the plane between the hair follicles and the fas¬ 
cial surface containing the easily visible pedicle. The pedicle 
is traced back as much as possible in the pretragal area to 
increase the vessel diameter. 

Flap dimensions are then outlined on the flap and incised. 
The remaining flap harvest is easy since there is a bloodless 
plane underneath the superficial leaf. 

Hemostasis should be meticulous to allow complété take 
of the split-thickness skin graft. 

The most frequent complications include oozing from 
small capillaries leading to hematoma formation under the 
skin graft, and the loss of the most distal flap portion. We 
recommend oversizing the flap dimensions and waiting for 
approximately 20 minutes before microsurgical transfer. 
Monitoring the flap perfusion with fluorescent angiography 
might be helpful to détermine jeopardized flap areas. 

The incision should be oblique to avoid alopecia. Injection 
of local anesthésia in the dissection plane may facilitate the 
flap harvest (“hydrodissection”). Ideally the skin graft is 
taken from the scalp, so the entire reconstructive procedure 
can be performed with no visible donor site, which is not 
found in any other flap. 

The TPF has proven to be a very valuable tool in recon- 
structing defects in the hand and around the wrist. Although 
it is thin and supple, it is robust and allows secondary proce¬ 
dures under the flap. Especially in the palm, the TPF provided 
an excellent coverage with respect to grip pattern and perfect 
gliding surfaces for tendons. It has become one of the standard 
flaps, especially in view of the almost invisible donor site. 

Serratus Fascia Flap 

ANATOMY 

The serratus fascia flap is overlying the serratus muscle. It 
provides excellent fascial tissue that is thin, s upple, and still 
mechanically stable. It is based on the thoracodorsal artery 
that is 1.5 to 3 mm and the thoracodorsal vein that is 2 to 
3.5 mm. The flap can be innervated by the long thoracic 
nerve. Flap dimension can reach 10 x 15 cm. 15 

INDICATIONS 

The serratus fascia flap is indicated for defects of the palm, 
dorsum of the hand, and wrist. 


CONTRAINDICATIONS 

It is contraindicated with injuries to the donor site such as 
previous thoracic surgery or a lacération of the thoracodor¬ 
sal vascular pedicle. 


SURGICAL TECHNIQUE 

The flap is usually raised with the patient in a latéral posi¬ 
tion. The incision is along the anterior border of the latissi- 
mus dorsi muscle. Raising the anterior border gives access 
to the serratus anterior muscle and the overlying fascia. 
The vessel runs on top of the fascia originating proximally 
from the thoracodorsal vascular bundle. This allows an 
extremely long pedicle that can be traced back to the sub- 
scapular trunk. The long pedicle with large-caliber ves- 
sels allows for microanastomoses remote from the zone of 
injury. 

During the dissection, care has to be taken that the long 
thoracic nerve is preserved and holes in the fascia hâve to be 
avoided. In our expérience the serratus fascia is slightly thin- 
ner than the TPF and therefore prone to perforations during 
dissection. This may lead to loss of tissue immediately adja¬ 
cent to the perforated areas. 

The flap is dissected from distal to proximal toward the 
thoracodorsal vascular bundle. Usually the branches to 
the latissimus dorsi hâve to be divided, if a long pedicle is 
required. 

We recommend harvest of the skin graft from the scalp 
to minimize donor-site morbidity. A 1-stage skin graft 
transfer is recommended; therefore, careful hemostasis is 
mandatory. 

As in the TPF, the most frequent complications are ooz¬ 
ing from small capillaries leading to hematoma formation 
under the skin graft, and the loss of the most distal flap por¬ 
tion. We also recommend oversizing the flap and waiting 
for approximately 20 minutes before microsurgical transfer. 
Care should be taken not to lacerate the long thoracic nerve 
to avoid winging of the scapula by preserving the lower slips 
of the serratus muscle. 

We consider the TPF and the SAF to be almost équivalent 
in their properties, although the SAF tissue is a little more 
délicate. The scar at the donor site makes it a second option 
in most cases; however, the scar can be usually hidden under 
clothing. If the defect requires a slightly larger flap, the SAF 
would be our prime choice. 


CUTANEOUS/FASCIOCUTANEOUS 

FLAPS 

The sélection of cutaneous flaps dépends predominantly on 
the profile of the patient and the body constitution. Flaps for 
the carpus and the dorsum of the hand hâve to be thin and 
pliable, whereas flaps forforearm or upper arm reconstruc¬ 
tion can be a little bulkier. 
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Latéral Arm Flap 

ANATOMY 

This flap represents our first choice for smaller defects. The 
donor site is negligible; the scar can usually be hidden. Donor 
defects up to 6 to 8 cm can be closed primarily. If this flap is 
found to be thick, it can be thinned out intraoperatively. The 
flap is based on the récurrent branch of the radial artery that 
has a diameter of LO to 1.5 mm. The vena comitans has a 
diameter of 0.8 to 1.5 mm. The flap can be innervated with a 
branch of the radial nerve. 16,17 

INDICATIONS 

The latéral arm flap is indicated for defects of the palm, dor¬ 
sal hand, wrist, and first web space. 

CONTRAINDICATIONS 

The flap is contraindicated if the patients upper arm is too 
bulky and in cases where the donor site cannot be closed pri¬ 
marily, especially in female patients. 


SURGICAL TECHNIQUE 

The flap is designed over the groove between the flexor and 
extensor muscle groups in the upper arm. The dissection 
usually starts distally by identifying the septum between 
triceps and the elbow flexor muscles and the radial nerve 
that reduces the risk of injury to the nerve during dissec¬ 
tion. After identification of the septum including the vascu- 
lar pedicle that runs close to the periosteum, the dissection 
continues from the médial aspect along the septum down 
to the periosteum of the humérus. The pedicle length is 
6 to 8 cm. 

The pedicle is released from the septum and the dissec¬ 
tion proceeds cephalad. The pedicle dives under the inser¬ 
tion of the deltoid muscle but can be traced under the muscle 
when the diameter of the vessels is considered too small. 

Several modifications are possible. The flap can be 
extended toward the elbow that changes the shape of the 
flap from a more triangular pattern to a fiat thin flap. A 
segment of humérus can be raised with the flap, if a com- 
plex defect has to be reconstructed, and the flap can be 
innervated by inclusion of a branch of the radial nerve 
(Fig. 23-3A-D). 



FIGURE 23-3 A. Severe burn contracture in a 6-year-old girl. B. Situation after contracture release with complex defect inthe web space. C. A latéral 
arm flap with its triangular shape fits perfectly into these types of defect. D. Stable resuit 3 years postoperatively. 
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Possible complications of the latéral arm flap are a tempo- 
rary weakness of radial nerve-innervated muscles, detach- 
ment of the vascular pedicle, not a proper release from the 
humérus, and lacération of the radial nerve. 

Early identification of the radial nerve during the begin- 
ning of the dissection may avoid anyproblem during the fur- 
ther course of the procedure. 

The vessel diameter is similar to the diameter of the 
gracilis vessels. Sometimes the pedicle has to be pursued 
further cephalad to obtain adéquate vascular dimensions for 
microsurgery. 

The latéral arm flap has become one of our standard tools 
in hand reconstruction. One of the disadvantages is the tri- 
angular shape of the flap, which sometimes needs secondary 
corrective procedures. The donor scar can usually be hidden 
under clothing and there are no remote donor sites. 

Anterior Latéral Thigh (ALT) Flap 

ANATOMY 

The flap is based on the descending branch of the circumflex 
fémoral artery that is 1.5 to 2.5 mm in diameter. The venae 
comitantes are 1.5 to 2.5 mm in diameter. The flap is usually 
not innervated. 

The ALT flap is preferred for larger defects. Even in indi- 
viduals in whom a thick subcutaneous layer is found, the 
thigh région does not necessarily hâve the same properties. 
The ALT flap is suitable for large defects and can be raised 
with strips of fascia (TFL) or muscle segments (rectus femo- 
ris/vastus lateralis) for the reconstruction of more complex 
defects. A long pedicle permits microanastomoses remote 
from the zone of in jury that adds to the reliability of the 
flap. 18,19 

INDICATIONS 

The flap is indicated for larger defects of the wrist area and 
forearm. 


CONTRAINDICATIONS 

The flap is contraindicated if the subcutaneous layer in the 
thigh is too bulky. 

SURGICAL TECHNIQUE 

The perforator vessel scan can be mapped preoperatively 
by Doppler. A line is drawn from the iliac crest to the lat¬ 
éral fémoral condyle. Most perforators are found along 
this line. The flap is centered over the vascular axis, and 
dissection starts proximally to identify the perforator 
vessels. 

The flap is then incised circumferentially and additional 
perforators are identified. The flap is raised above the fascia; 
only a small cuff of fascia is left around the exit points of the 
perforators. In more than 60% the course of the vessels is 
intramuscular that makes the dissection tedious. Numerous 
small vessels hâve to be clipped or coagulated during dissec¬ 
tion, until the circumflex fémoral artery is reached. When 
the vessels run in an intermuscular septum, dissection is 
faster and safer. 

The flap can be harvested including a strip of tendon from 
the TFL aponeurosis or a muscle segment, if a bone cavity 
has to be sealed. 

The most dire complication is the injury to the vascular 
pedicle during dissection. Early identification of the pedicle 
helps to avoid this risk. 

The flap can be thinned during the dissection, but this 
requires considérable expérience and should not be per- 
formed by surgeons starting with this type of flaps. 

The donor site can usually be closed primarily in flaps 
intended for upper extremity reconstruction. If closure 
proves to be difficult, generous mobilization helps to achieve 
primary closure (Fig. 23-4A-C). 

The ALT flap has become our workhorse in lower extrem¬ 
ity reconstruction, but is rather infrequently used in the 
carpal area. However, in thin patients, it may be a valuable 
option, when other solutions are not available or are not con- 
sidered suitable. 



FIGURE 23-4 A. A 24-year-old cook. Defect after debridement of a severe soft tissue infection following an in jury with an oyster knife. B. Free para- 
scapular flap. Arterial end-to-side anastomosis to radial artery, venous end-to-end anastomosis to cephalic vein. 
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FIGURE 23-4 ( Continued ) C and D. Excellent aesthetic long-term resuit. 


The scapular/parascapular flap is the alternative for mid- 
size-large defects. It offers more variability than the ALT 
flap, since it can be raised as a composite flap with bony, 
muscle, and skin components. The donor site frequently 
demonstrates some widening of the scar, but can be hidden 
under clothing. 20 

The use of the radial forearm flap has decreased signifi- 
cantly in recent years, although it is the easiest flap to raise. 
Because of its conspicuous donor site, it should be limited 
to rare indications or patients who do not put too much 
emphasis on the aesthetic appearance of the donor site. 
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Nerve Compression Syndromes 
at the Wrist 

David J. Slutsky, MD 



NERVE PHYSIOLOGY 

The connective tissue of nerves includes the outer epineu- 
rial layer, which contains loosely woven collagen fibers and 
elastin. The epineurium protects the nerve from compres¬ 
sion and stretch and therefore tends to be thicker in places 
that expérience répétitive shear force such as the cubital tun¬ 
nel at the elbow. The perineurium séparâtes groups of fas- 
cicles and constitutes a diffusion barrier, which protects the 
axons from infection and Chemical insult. The perineurium 
is relatively unyielding, which allows for a positive endoneu- 
rial pressure. This sameproperty can lead to a minicompart- 
ment syndrome when the endoneurial pressure increases. 
The individual axons are surrounded by the endoneurium 
that provides support and a framework for régénération of 
nerve fibers after injury. 

The nerve cell membrane is composed of a lipid bilayer 
that has a hydrophilic (water loving) and a hydrophobie end. 
This leads to an ionic séparation across the nerve axon that 
results in a charge séparation. Although there are a number 
of charged proteins, the electrical gradients are mostly due to 
the différence in concentrations between sodium (Na + ) and 
potassium (K + ) ions. Minute changes in these concentrations 
lead to a change in the membrane potential even though 
there is relatively little actual ion flow. 

The interior of the axon has a charge of approximately 
-90 mV, with a relatively greater concentration of K + ions 
with respect to the outside. There is a passive leak of K + ions 
out and Na + ions in, which causes the interior of the axon to 
become less négative with regards to the outside. There is an 
ATP-dependent Na + /K + pump that imports K + and exports 
Na + in a ratio of 2 K + for every 3 Na + . This maintains the nor¬ 
mal resting membrane potential, and prevents spontaneous 
depolarization. Since maintaining the ionic charge sépara¬ 
tion across the membrane requires energy, this mechanism 
stops when the energy supply is interrupted. In other words, 
local nerve ischemia will prevent depolarization. This is one 
of the mechanisms for the conduction block that occurs with 
nerve compression. 

Depolarization is an ail or none phenomenon and can- 
not be stopped once it starts. In unmyelinated nerves, the 


Na + channels are spread out along the membrane and there 
is sequential depolarization along the membrane, that is, 
each section of the membrane must be depolarized in turn. 
This leads to slow conduction velocities in the range of 10 to 
15 m/s. 

In myelinated nerves, there is also a relative paucity of 
Na + channels except at the internodes. The current flows 
down the axon, stopping only at the nodes of Ranvier. 
Depolarization thus jumps from node to node (saltatory 
conduction) rather than sequentially depolarizing each sec¬ 
tion of the membrane. This markedly speeds up the conduc¬ 
tion velocities, which are in the range of 90 to 100 m/s. 

The electrical résistance to current flow varies inversely 
with diameter. Larger nerves conduct faster than smaller 
nerves. In order to survive, organisms must be able to react 
quickly to their environment; hence, nerve conduction must 
be fast. In complex organisms with billions of axons, increas- 
ing the nerve diameter is not a viable option. Myelination 
solves this problem by increasing impulse conduction with- 
out the need to increase the flber diameter. The resuit of 
myelination is a 50 times decrease in nerve diameter with a 
4 times increase in the conduction velocity. 1 

Nerve Compression 

In early nerve compression the symptoms are of a vascular 
nature. The initial changes occur at the blood-nerve barrier. 
Fluid shifts that occur with limb position resuit in endoneu¬ 
rial edema. 2 There is no lymphatic drainage of the endo¬ 
neurial space; hence, endoneurial edema clears slowly. The 
edema cuts offthe blood supply by pinching off the artérioles 
that course through the perineurium obliquely. 3 This impairs 
the Na + /K + exchange pump that is ATP dépendent. This ulti- 
mately results in a réversible metabolic conduction block, 
which leads to paresthesiae. 4 

The dramatic relief of symptoms that sometimes occurs 
following surgical décompression also suggests an ischémie 
etiology to compression neuropathies. The mechanical 
source of compression may obstruct venous return result- 
ing in segmentai anoxia, capillary vasodilation, and edema. 
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The edema compounds the compressive effects, and leads to 
abnormal axonal and cellular exchange. Surgical release at 
this early stage generally yields good results. Prolonged com¬ 
pression, however, results in intraneural fibrosis, after which 
nerve recovery is less likely to occur after décompression. 

Nerves are viscoelastic and as such must undergo signifi- 
cant changes in length in order to accommodate the myriad 
combination of joint positions. Nerves hâve a longitudinal 
blood supply that is reinforced periodically by segmentai 
perforators. They are surrounded by a vascularized glid- 
ing layer that facilitâtes the nerve gliding that accompanies 
joint movement. Chronic compression leads to inflamma¬ 
tion and secondary flbrosis that disrupts this gliding layer, 
ultimately leading to nerve tethering. Any compressive neu- 
ropathy therefore frequently has a component of traction 
neuropathy as well. Traction alone can cause conduction 
block. Nerves can only elongate by 8% until there is a disrup- 
tion of the blood supply. 5 Traction therefore leads to nerve 
ischemia with secondary impairment of the Na + /K + pump, 
which culminâtes in a conduction block. This is clinically 
manifested as numbness or paresthesia. 

The foundation underlying many of the provocative tests 
for nerve compression exploits the relative nerve ischemia 
by transiently increasing the nerve insult through manual 
pressure, awkward joint positioning, and/or traction to elicit 
numbness or paresthesiae in the distribution of that spécifie 
nerve. A knowledge of the normal nerve course and topo¬ 
graphie anatomy is thus essential. 

Electrodiagnostic Studies 

Ancillary testing cannot replace a detailed history and thor- 
ough examination of the upper limb, but they can provide a 
means for staging the degree of neuropathy and for ruling 
out more generalized disorders that may masquerade as a 
focal neuropathy. 

Nerve fibers show varying susceptibility to compression. 6 
The large flbers are more vulnérable to compression and 
ischemia. The neurophysiology of electrical r ecording is such 
that the recording electrode will detect activity in the largest 
myelinated fibers flrst, since these flbers conduct at the fast- 
est rates and hâve a lower depolarization t hreshold than the 
small unmyelinated nerves. Latency and conduction velocity 
dépend on the time that transpires from stimulation of the 
nerve to the flrst recording. If only a fraction of the large, 
thickly myelinated fibers remain and transmit impulses, the 
recorded latency and conduction velocity remains normal 
because the recording electrode mostly detects the fastest 
flbers. 7 The electrical conduction in smaller, thinly myelin¬ 
ated or nonmyelinated nerves is much slower and hence 
not usually detected in a routine nerve conduction study 
(NCS). Large myelinated and small unmyelinated flbers 
can be affected differently. Connective tissue changes follow 
with focal nerve fiber changes. The large myelinated nerves 
undergo segmentai demyelination, while the small unmyelin¬ 
ated nerves undergo degeneration and régénération. Normal 


fascicles are adjacent to abnormal fascicles. The NCS only 
tests the faster conducting flbers. This explains the seem- 
ing paradox of the patient who has established carpal tunnel 
syndrome but yet normal electrodiagnostic studies. It is the 
worst fascicles that produce symptoms, but it is the best fas¬ 
cicles that account for the normal nerve conduction studies. 8 

With early compression the symptoms are intermittent, 
and the edema is réversible. When there are constant symp¬ 
toms, there is usually myelin damage and/or chronic endo- 
neurial edema. This demyelination is responsible for the 
slowing of nerve conduction. If the compression continues, 
some of the axons will die. If there are fewer nerve fibers, the 
size of the electrical charge will be smaller, leading to smaller 
amplitudes. When there is sensory or motor loss, there is 
usually degeneration of nerve fibers. Despite the restoration 
of neural blood flow following nerve décompression, remy- 
elination of the axon is often incomplète, which accounts for 
persistently abnormal nerve conduction even though the 
patient may be without symptoms. 9 

QUANTITATIVE SENSORY TESTING (QST) 

QST is reportedly more sensitive than the NCS since only 
25% of the large myelinated nerve fibers need to be conduct¬ 
ing normally in order to yield a normal nerve conduction test. 
A-(3 fibers are the fibers of the peripheral nerve that allow the 
skin to feel the sensation of touch. Nerve density is defined 
as the number of nerve fibers per square millimeter. The 
nerve threshold is the minimum amount of force necessary 
to cause the touch receptors to fire. With nerve degeneration 
it is more difficult to distinguish 2 points from 1 point. Static 
and moving 2-point discrimination (2PD) typically test the 
innervation density. Threshold tests would include vibrom- 
etry and Semmes Weinstein monofilament testing (SWT). 
Vibrometry is relatively insensitive to early changes and is 
not commonly used. Semmes Weinstein testing involves 
placing nylon filaments of varying thickness on the skin 
until the filament is seen to deflect. The test is repeated with 
varying-diameter filaments until the threshold is determined. 
Abnormal SWT is consistent with nerve demyelination. 

Dellon and coworkers developed the pressure-specified 
sensory device (PSSD) that tests 1-point static ( 1 PS) and 
2-point static (2PS) and 1-point moving (1PM) and 2-point 
moving (2PM) discrimination. 2PS is the flrst to go with 
nerve degeneration; 1PM is the flrst to return with nerve 
régénération. The authors hâve likened an increased pressure 
threshold to increased distal latency or decreased conduction 
velocity as no nerve fibers hâve died yet, but are just demye- 
linated. When 2PD changes, this is indicative that nerve fibers 
are dying and it is analogous to a decrease in amplitude. 10,11 

Classification of Nerve Injury 

PHYSIOLOGIC CONDUCTION BLOCK 

Lundborg and Dahlin described a physiologie conduction 
block that is due to either intraneural ischemia or a metabolic 
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(ionic) conduction block, with little or no fiber pathology. 4 
Intraneural ischemia impairs the ATP-dependent Na + /K + 
pump that stops any nerve impulse transmission. An exam¬ 
ple of this would be the réversible compression of the sci- 
atic nerve that one may expérience with prolonged sitting at 
a movie theater. Sensory and motor conduction across the 
compressed segment is blocked by this loss of circulation, 
but immediately recovers once the compression is released. 
With more prolonged ischemia intraneural edema develops; 
hence, recovery occurs over days or weeks. Axonal transport 
is also energy dépendent; hence, extended ischemia may 
affect the nerve cell body function and viability. Irréversible 
nerve fiber damage does occur if the ischemia lasts more 
than 6 to 8 hours. 3 

NEURAPRAXIA 

The nerve connective tissue remains intact, but there is focal 
demyelination, which allows current leakage. The time for 
the action potential to reach threshold at successive nodes is 
consequently prolonged. Partial lésions demonstrate slowing 
due to the loss of faster conducting fibers or demyelination 
of surviving fibers. The more protracted the compression, 
the slower the nerve conduction velocity (NCV) due to 
repeated épisodes of demyelination and subséquent remy- 
elination. More extensive demyelination results in complété 
conduction block. The most apparent finding on the EMG 
is reduced recruitment, due to a reduced number of motor 
unit potentials firing more rapidly than normal. 12 The clini- 
cal correlate is that of muscle weakness without denervation, 
but fibrillation potentials may occasionally be seen. 


DISTAL MEDIAN NEUROPATHY 
Carpal Tunnel Syndrome 
ANATOMY 

The carpal tunnel is open-ended proximally and distally, 
but behaves like a closed compartment physiologically and 
maintains its own distinct tissue fluid pressure levels. It is a 
fibro-osseous canal that is bounded by the concave arch of 
the carpal bones dorsally, and the flexor retinaculum (FR) 
palmarly. The hook of the hamate, triquetrum, and pisiform 
form the ulnar border, while the radial border consists of 
the scaphoid, trapezium, and the fascial septum overlying 
the FCR. The FR consists of 3 zones: a proximal zone that is 
continuous with the deep forearm fascia, a central zone that 
is composed of the transverse carpal ligament (TCL), and a 
third zone that consists of the aponeurosis between the the- 
nar and hypothenar muscles. 13 The médian nerve at the wrist 
has approximately 30 fascicles. The motor récurrent branch 
often consists of 2 fascicles that are situated in a volar posi¬ 
tion, with the various sensory groups in the radial, ulnar, and 
dorsal positions. The motor branch can be separated from 
the main trunk without harm for up to 100 mm proximal 


to the thenar muscles. 14 The sensory fibers travel within the 
common digital nerves to the thumb, and index and middle 
fingers, as well as the communicating branch to the third 
web space. 

PATHOPH Y SIOLOG Y 

There are 2 potential sites of compression anatomically. The 
first is at the proximal edge of the TCL, where compression 
may be produced by acute wrist flexion. This accounts for 
the positive Phalen test (wrist flexion test) in CTS. The sec¬ 
ond is adjacent to the hook of the hamate, where an hour- 
glass deformity of the médian nerve may be seen. In this 
case the patient will hâve a positive médian nerve compres¬ 
sion (Durkan) test but a négative Phalen test. 15 Compression 
within the carpal tunnel may also resuit from any lésion that 
takes up space within the canal such as flexor tenosynovitis, 
hematoma, palmar carpal dislocation, distal radius fractures, 
tumors, and ganglia. Although many cases hâve been attrib- 
uted to a nonspecific synovitis, synovial biopsies typically 
fail to show evidence of inflammation. They do reveal edema 
and vascular sclerosis, which may by themselves be second- 
ary to compression rather than the primary event. 

HISTORY 

The patient will typically complain of numbness and pares- 
thesia in the médian nerve distribution. Initially the symp- 
toms occur at night due to a combination of wrist flexion 
during sleep and fluid shifts that occur with the horizontal 
position, which increases the carpal canal pressure. In this 
early stage of nerve compression the symptoms are of a vascu¬ 
lar nature, which culminate in endoneurial edema. With early 
compression the symptoms are intermittent, and t he edema 
is réversible. As the symptoms progress they become more 
frequent during the day and are precipitated by gripping and 
pinching activities as well as those tasks requiring répétitive 
wrist flexion. When there are constant symptoms, there is 
usually myelin damage and/or chronic endoneurial edema. 16 

PHYSICAL EXAMINATION 

CTS represents a constellation of signs and symptoms in 
which no 1 test absolutely confirms its diagnosis. A positive 
Tinel sign may be présent over the médian nerve at the wrist, 
and produces paresthesia in the thumb and radial 2.5 digits. 
Phalen test consists of passive wrist flexion for 1 minute, 
which, when positive, produces subjective paresthesia in a 
médian nerve pattern. This is best performed with the elbows 
extended since simultaneous wrist and elbow flexion may 
reproduce ulnar nerve symptoms as well. Direct compres¬ 
sion of the nerve or the Durkan test is thought to be more 
sensitive. Szabo et al found that if a patient had an abnormal 
hand diagram, abnormal sensibility by SWT testing, a posi¬ 
tive Durkan test, and night pain, the probability of having 
CTS was 0.86. If ail 4 of these conditions were normal, the 
probability of having CTS was 0.0068. 15 
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ELECTRODIAGNOSTIC STUDIES 

The NCS can yield useful information, but the severity of 
the preoperative nerve conduction déficit does not pro¬ 
vide significant data for prédiction of the final outcome 
or return to work after carpal tunnel release (CTR). There 
are some caveats for nerve conduction studies in CTS. 
First, sensory abnormalities usually occur before motor 
abnormalities. In other words, the distal sensory latencies 
often slow before the distal motor latency (DML). This is 
not surprising since 94% of the axons in the médian nerve 
at the wrist level are sensory. 17 The sensory nerve axons 
are larger than the motor axons and hence more suscep¬ 
tible to compression. If the DML is abnormal in the prés¬ 
ence of normal sensory nerve action potentials (SNAPs), 
extra care must be taken to rule out anterior horn cell 
disease or a C8 radiculopathy, although isolated récurrent 
motor branch compression has been reported. 18 Second, 
the nerve conduction studies may not return to normal 
following décompression due to rétrogradé fiber degenera- 
tion or incomplète remyelination, even in the presence of 
a full clinical recovery. 

Médian Nerve Motor Studies. The recording electrode is 
placed at the midpoint of the abductor pollicis brevis ( APB), 
and the reference electrode is placed over the APB insertion 
at the thumb MP joint. 19 A ground plate is applied to the 
dorsum of the hand. The first stimulus (SI) is applied 8 cm 
proximal to the recording electrode (E-l). Across-elbow 
conduction is performed by stimulating the médian nerve 
in the antecubital fossa above the elbow (S2). If conduction 
in the arm is desired, a third stimulus site (S3) is applied in 
the axilla, 10 to 12 cm proximal to S2. Typical normal values 
include a DML >4.2 milliseconds, amplitude >4.0 MV, and 
forearm NCV >48 m/s. (Normal values may vary according 
to the lab.) 

Médian Nerve Sensory Studies. Antidromic studies are 
popular since the digital nerves are doser to the skin, which 
results in larger waveforms than orthodromie studies. Ring 
électrodes placed 3 to 4 cm apart are applied to the thumb, 
index, middle, and ring fingers. The médian nerve is stimu- 
lated at the wrist: 10 cm proximally for the thumb and 14 cm 
for the digits. Comparative latencies hâve become more 
prévalent because different sensory nerves can be compared 
in the same digit under the same conditions of tempéra¬ 
ture, digit circumference, and skin conductivity. This tends 
to minimize recording pitfalls. Comparative latencies are 
taken from radial sensory nerve recordings from the thumb 
and from the ulnar digital nerve to the ring. Normal values 
include peak latencies of less than 3.5 milliseconds, with 
<0.5 milliseconds between radial-median and median-ulnar 
comparative latency différences. 

Since the NCV is calculated over the length of the nerve, 
focal conduction defects tend to be normalized. Measuring 
the transcarpal latency directly can a id in the détection of this 
focal conduction slowing. A direct recording of the conduc¬ 
tion across the TCL prevents any slowing in this area from 


being normalized by the faster conduction of the médian 
nerve proximal to the TCL. The transcarpal conduction 
reflects the médian nerve conduction directly underneath 
the transcarpal ligament. The médian nerve is stimulated 
14 cm from the ring electrode, and the latency is recorded. 
The médian nerve is then stimulated 7 or 8 cm proximal to 
the ring electrode and the latencies are subtracted. When a 
distance of 7 cm is used, a normal latency is less than 1.7 mil¬ 
liseconds. With an 8-cm distance the latency should be less 
than 2.2 milliseconds. 

A médian midpalmar orthodromie latency can provide 
the same information. This is performed by stimulating the 
médian nerve in the second interspace, and recording the 
mixed nerve response at the wrist 8 cm proximally. Normal 
values are less than 2.2 milliseconds. Segmentai stimulation 
in 1-cm incréments across the carpal canal has also been 
reported. 

The incidence of type I errors (false-positive) increases 
with multiple sensitive tests. This had led some investigators to 
devise a comparative sensory index (CSI). 20 This consists of 
the sum of the thumb median-radial différence, the ring 
median-ulnar différence, and the median-ulnar midpalmar 
orthodromie différence. A normal value is <1.0 milliseconds. 
The CSI is more sensitive and more spécifie, since it hinges 
on 3 parameters, which diminishes the technical error asso- 
ciated with making the diagnosis on 1 spécifie test. The CSI 
is also température independent, since ail of the nerves are 
examined under identical local condition of conductivity, 
température, and digit circumference. 

QUANTITATIVE SENSORY TESTING 

Static 2PD testing remains normal in mild cases. With more 
severe and/or longer-standing médian nerve compression, 
the 2PD becomes abnormal, that is, >5 mm in variable 
combinations of the thumb, index, middle, and radial ring 
fingers. Loss of protective sensation occurs when the 2PD 
is >15 mm, and >25 mm correlates with complété anesthé¬ 
sia. 2PD is relatively insensitive in picking up changes as 
compared with testing using the PSSD. In CTS, testing of 
the index pulp may initially show an abnormal 2PS pressure 
threshold. With progression one sees a widening of the 2PS 
distance, followedby an abnormal 1PS threshold. 

Weber and Rude evaluated 54 patients with carpal tun¬ 
nel syndrome including 26 control subjects comparing nerve 
conduction studies with PSSD testing. 26 The NCV test had a 
sensitivity of 80% and specificity of 77%, whereas the PSSD 
testing had a sensitivity of 91% and specificity of 82%. The 
différence was not statistically different however. I per¬ 
formed a prospective side-by-side comparison of NCS and 
PSSD testing in 64 patients (94 tests) with clinical signs and 
symptoms of CTS. 27 Twelve of these patients then under- 
went a CTR and were tested again at 4 to 6 months. Clinical 
improvement was gauged by relief of symptoms, absent 
provocative tests, and at least a 1.04 improvement in the 
Brigham CTS questionnaire. Both the NCS and PSSD were 
roughly comparable in terms of sensitivity and specificity. 
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When combined, however, 88/94 cases of CTS were detected, 
including 14 patients who had symptoms of CTS but néga¬ 
tive clinical signs. 

NONOPERATIVE MANAGEMENT 

Nonoperative therapy includes splinting the wrist in a neutral 
position, steroid injections, and management of any under- 
lying systemic diseases. Steroid injection offers transient 
relief to 80% of patients, but only 20% will be symptom f ree 
12 months later. Those most likely to benefit from conserva¬ 
tive management hâve had symptoms for less than 1 year, 
only intermittent numbness, normal 2PD, <1- to 2-millisec- 
ond prolongation of distal motor and sensory latencies, and 
no motor findings. Forty percent of this group will remain 
symptom free for longer than 12 months. 21 

Surgical Indications 

1. Mild CTS : Failed trial of conservative treatment with 
splints, NSAIDs, and activity modification for at least 
1 month. No sensory or motor loss, nocturnal symptoms, 
and/or transient paresthesia only with prolonged grip- 
ping or pinching. No thenar wasting, no change in 2PD. 
May hâve a prolonged 2PS. There may be normal NCS, 
increased CSI, or slowing of distal médian SNAPs but 
with a normal DML. Normal EMG. 

2. Moderate CTS : Failed trial of splinting and/or cortisone 
injections. Frequent daytime symptoms even without 
gripping. May hâve abnormal 2PS and 1PS, 2PD <15 mm. 
No wasting of ABP but may hâve weak abduction. NCS 
may show slowing of distal SNAPs. DML slowing of 
<1 to 2 milliseconds, but no drop in amplitude. Normal 
EMG. 

3. Severe CTS: No indication for conservative treatment. 
Frequent to constant symptoms. Abnormal 2PS, 1PS, 
2PD >15 mm. Slowed to absent SNAPs, prolonged DML 
with amplitude loss. EMG shows membrane instability, 
decreased recruitment, and fibs/psw. 

4. Acute CTS secondary to distal radius fracture, bleeding 
disorder, burn, or other cause of massive swelling. 

Contraindications 

1. Untreated hypothyroidism, diabètes, or other metabolic 
neuropathy. 

SURGICAL TECHNIQUE 

The procedure is performed under tourniquet control. A 3- 
to 5-cm incision is made in the palm parallel to the thenar 
crease and in line with the ring finger axis in order to pro- 
tect the palmar cutaneous branch of the médian and ulnar 
nerves. Tenotomy scissors are used to spread down to the 
palmar aponeurosis. This is divided exposing the TCL. The 
TCL is divided from distal to proximal. A hemostat may be 
used to protect the médian nerve. The skin is retracted and 
the deep FR is divided under direct vision for an additional 


2 cm. The nerve and tendons are retracted to the radial side 
and the floor of the canal is inspected for any masses. The 
récurrent motor branch is inspected and decompressed 
separately if necessary. The same considérations apply when 
using a mini-incision technique (Fig. 24-1A-E). The tourni¬ 
quet is released and hemostasis is obtained. The wound is 
closed with 4-0 nylon mattress sutures after injection of local 
anesthetic. 

POSTOPERATIVE CARE 

Finger motion begins immediately, which also aids in médian 
nerve excursion. A below-elbow splint is applied for comfort 
for the first week foliowed by desensitization and progressive 
strengthening. 

ANCILLARY PROCEDURES 

In advanced cases of nerve compression, internai neuroly- 
sis and epineurotomy hâve been described. No significant 
différences were found in comparisons of patients with and 
without this procedure; hence, they are no longer recom- 
mended. 22 Small finger numbness due to coexistent Guyon 
canal compression often improves after CTR alone since 
MRI studies hâve demonstrated an increase in the volume of 
Guyon canal after a CTR. 23 Routine tenosynovectomy does 
not provide better results than CTR alone and is mostly rec- 
ommended with associated proliférative tenosynovitis from 
some other cause such as rheumatoid arthritis or granulo- 
matous infection. 24 Ketchum did a comparison of open CTR, 
CTR with flexor tenosynovectomy, and tenosynovectomy 
alone. He noted a significant decrease in pillar pain and ear- 
lier return to work in the isolated synovectomy group. 25 

COMPLICATIONS 

Pillar pain is an oft-cited complication. The cause of this 
is murky and the treatment is debatable. This has been t he 
impetus for procedures that range from z-plasty lengthen- 
ing of the TCL to mini-incision and endoscopie techniques. 
In jury to the palmar cutaneous branch of the médian nerve 
is a cause of persistent scar tenderness and led to the plea 
for a more ulnar-based incision. Blind release of the TCL, 
which was commonplace in the 1960s, occasionally resulted 
in lacération to the deep motor branch. Injury to branches of 
the superficial palmar arch are repaired or tied off as indi- 
cated. Médian nerve anomalies or altered anatomy maylead 
to inadvertent nerve lacération. Any recognized fascicular 
lacérations should be repaired under microscopie magnifi- 
cation immediately or as soon as they are recognized post- 
operatively since this will maximize the chances for recovery. 
Acute infection is treated aggressively with antibiotic treat¬ 
ment and/or drainage as necessary. Wound coverage prob- 
lems with exposed tendons or nerve may be covered with 
pedicled or free flaps. Causalgia should be treated with stel- 
late blocks and aggressive therapy including edema control 
and dynamic finger splinting. 
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FIGURE 24-1 Carpal tunnel release. A. The standard carpal 
tunnel incision is parallel to the thenar crease along the ring 
finger axis to avoid in jury to the palmar cutaneous branches 
of the médian and ulnar nerves. B. The palmar aponeurosis is 
identified by the longitudinally oriented fibers. C. The fibers 
of the transverse carpal ligament (TCL) are transversely ori¬ 
ented. Arrows are pointing to a partial incision in t he liga¬ 
ment. D. Release of the TCL exposes the médian nerve. The 
tip of the scissors is behind the récurrent motor branch. 
E. Mini-incision technique. 
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OUTCOMES 

Open médian nerve décompression leads to symptomatic 
relief in the majority of patients. 26-28 When there is clinical évi¬ 
dence of demyelination, patients should be instructed of the 
possibility of residual symptoms and delayed improvement. 
After open CTR, patients typically regain their preoperative 
baseline grip strength within 3 months, and pinch strength 
within 6 weeks. Mini-incision open techniques hâve similar 
outcomes but carry a higher risk of incomplète TCL release. 

Endoscopie Carpal Tunnel Release 

SURGICAL INDICATIONS 

The indications for endoscopie carpal tunnel release (ECTR) 
are the same as for an open release. 29 The patient should hâve 
the appropriate symptoms and signs of carpal tunnel syn¬ 
drome and hâve failed a trial of conservative treatment with 
splinting, NSAIDs, and activity modification. 

CONTRAINDICATIONS 

Absolute contraindications include any distortion of the 
carpal canal due to tumor, previous surgery, carpal fracture/ 
dislocation, or malunion of the radius. A loss of wrist exten¬ 
sion of more than 20° to 30° from either bony fusion or wrist 
contracture would hamper this procedure by impeding the 
correct placement of the endosocope. Unfamiliarity with the 
régional anatomy is another contraindication. 

Relative contraindications abound and are not univer- 
sally agreed upon. Flexor tendon thickening due to synovial 
hyperplasia or adhesions from previous flexor tendon repairs 
will complicate the procedure. Récurrent or persistent carpal 
tunnel syndrome following a previous release often includes 
a component of traction neuropathy due to scar that may 
thwart attempts at ECTR. Suspicion of separate entrapment 
of the récurrent motor branch requires an open procedure. 

SURGICAL TECHNIQUE (AGEE METHOD) 

The use of the Agee endoscope (MicroAire, Charlottesville, 
Virginia) is intégral to this procedure. A 2.7-mm 30° angle 
arthroscope along with a fiber-optic light source and caméra 
setup is interfaced with the Agee System. The patient is posi- 
tioned in the supine position with the arm abducted and lying 
on an arm board. The procedure is performed under tourni¬ 
quet control after limb exsanguination. My preference is to 
use a general anesthetic due to the not infrequent difficultés 
with instrumentation including fogging of the caméra lens 
(which can be minimized by warming the scope in saline). 
Régional and local anesthésia are acceptable alternatives. 

A number of anatomical landmarks are identified and out- 
lined with a marking pen to guide placement of the scope. 
The hook of the hamate, flexor carpi ulnaris (FCU), and pisi- 
form are palpated and drawn on the skin. It is vital to keep the 
scope radial to the hamate hook at ail times in order to pre- 
vent inadvertent pénétration of Guyon canal. A straight line 


is drawn connecting the longitudinal axis of the ring finger 
with a transverse line across the proximal wrist crease. The 
palmaris longus (PL) tendon (if présent) is traced. The dis¬ 
section should stay médial to the PL that protects the médian 
nerve. A 2-cm transverse incision is placed in the proximal 
wrist crease between the PL and pisiform. As the surgeons 
comfort level increases this incision can be placed in the dis¬ 
tal wrist crease, although there is more subeutaneous fat to 
contend with. The plane between the subeutaneous fat and 
the deep forearm fascia or FR is identified and developed. A 
distally based U-shaped flap of the FR is elevated by making 2 
parallel incisions approximately 1 cm apart and 1 to 2 cm long 
through the deep fascia between the FCU and PL/median 
nerve. The incisions are then connected by a proximal trans¬ 
verse eut. Care is taken to avoid pénétration of the underlying 
flexor synovium to lessen unwitting tendon lacération. The 
distally based flap is elevated with a skin hook while develop- 
ing the plane between the superficial flexor tendon synovium 
and the undersurface of the TCL. Establishing this plane is 
crucial in circumventing improper scope placement. 

At this point, the wrist is hyperextended over 2 folded 
towels. The hamate hook finder or which consists of a small 
dilator is gently inserted superficial to the flexor tendons in 
line with the ring finger. With proper placement the dilator 
will abut against the hook of the hamate by sweeping it in 
an ulnar direction. If there is no obstruction to ulnar pas¬ 
sage of the dilator, then it should be removed and reinserted; 
otherwise there is the dire risk of in jury to the ulnar nerve 
and artery. Two incrementally sized dilators are then gently 
inserted to enlarge the gliding path for the scope. The dis¬ 
tal tip of the dilators can be easily palpated in the midpalm 
by levering the tip palmarwards. Multiple passes of the dila¬ 
tors increase the risk of a médian neuropraxia, especially 
in small wrists. The soft tissue elevator is then inserted and 
used to gently scrape any synovium from the undersur¬ 
face of the TCL. While the assistant maintains the wrist in 
hyperextension, the tip of the Agee endoscope is then gen¬ 
tly inserted into the canal. The surface line marking the axis 
of the ring finger is used as a guide. The shiny transverse 
fibers of the undersurface of the TCL should now corne into 
view. Oftentimes fogging of the scope, fluid from fatty tis¬ 
sue, or synovial remnants will block the view. In this event, 
the scope should be removed and defogged and the synovial 
elevator used once more. Since the scope is often colder than 
the carpal canal, keeping the scope in warm water until just 
before use may minimize the fogging. The distal edge of the 
TCL must be completely visualized. This can be identified 
by a change of the transverse fibers to an ill-defined fat pad, 
which contains the superficial palmar arch and the common 
digital branch to the third web space. Ballottement of the fat 
pad can aid in the démarcation zone. The hook blade should 
not be engaged until the distal edge is well seen. It is prudent 
to start the blade 2 to 3 mm from the distal edge on the first 
pass. The hook blade is then maintained upright while the 
scope is slowly withdrawn proximally, keeping the blade in 
sight at ail times. The scope is then reinserted to visualize 
the eut. The TCL is under tension and will usually split apart 
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allowing identification of the muscle fibers of the overly- The proximal skin flapis then retractedto allowvisualiza- 

ing palmaris brevis, or the longitudinally oriented fibers of tion of the deep FR. Tenotomy scissors are used to divide the 

the palmar aponeurosis. A second pass may be made at this retinaculum for an additional 2 cm. The scope is then rein- 

pointto release the distalmost fibers of the TCL. The scope is serted into the carpal canal, and the tourniquet is deflated. 

then removed (Fig. 24-2 A-F). Pulsatile bleeding is suggestive of an in jury to the superficial 



FIGURE 24-2 Endoscopie carpal tunnel release. A. Landmarks for locating the hamate hook ( *). I-P, index pisiform line; M4, fourth metacarpal line; 
P,pisiform. B. Skin incision at distal wristerease (in red). C. Outlining a distally based fascial flap. D. Insertion of the Agee endoscope that is aligned 
with the ring frnger axis. E. View through the endoscope of the white undersurface of the transverse carpal ligament (TCL). The appearance of the 
midpalmar fatpad demarcates the distal edge of the TCL (*). F. After complété release of the TCL. Note the increased séparation of the ligament edges 
(arrows) \vith. exposure of the palmar brevis, which dénotés a complété ligament release. 
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palmar arch, which is then explored through an open inci¬ 
sion. Digital nerve in jury cannotbe recognizedbyanymeans, 
but a high level of suspicion and due diligence will dictate 
the need for exploration. It is possible for the mesoneurial 
tissue surrounding the médian nerve to become interposed 
between the scope and the undersurface of the TCL. It will 
not hâve the appearance of nerve tissue and lead to a false 
sense of safety, but it can be drawn in by the hook blade, 
which may lead to a partial or complété médian nerve lac¬ 
ération. If there is any doubt, the scope should be removed 
and the field cleared as described above. If the view cannot 
be improved, then conversion to an open procedure is neces- 
sary. The wound is infiltrated with Marcaine and closed with 
an absorbable subcuticular suture and steri-strips. 

POSTOPERATIVE CARE 

The patient is placed in a large bulky hand dressing with a 
volar wrist splint for comfort. Finger motion begins imme- 
diately, which also results in nerve excursion. The splint 
is removed at 1 week and the patient is started on a home 
wrist range of motion program. The sutures are removed at 
2 weeks and light gripping exercises are instituted. 

COMPLICATIONS 

There hâve been significant and devastating complications 
reported, which are often related to poor scope placement or 
inadéquate visualization of the TCL. This includes partial and 
complété médian nerve lacérations, common digital nerve 
lacérations, and injuries to the superficial palmar arch. 30 I 
hâve noted a neurapraxia of the third common digital nerve 
branch in small female patients with small carpal canals that 
has lasted up to 6 months. Flexor tendon lacérations hâve also 
been reported. If there is anything less than complété visual¬ 
ization, the procedure should be converted to an open CTR. 
Placing the scope in Guy on canal due to inadéquate identifi¬ 
cation of the hook of the hamate has resulted in ulnar nerve 
and artery lacérations. 31 Incomplète release of the TCL is com- 
monly reported and is a major criticism of this technique. 32 

OUTCOMES 

Agee et al carried out a 10-center randomized prospective 
multicenter study of endoscopie release using this technique. 
For patients in the device group with 1 affected hand, the 
médian time for return to work was 21.5 days less than that 
for the control group. 33 Another large multicenter prospec¬ 
tive study of 192 cases demonstrated, at least in the short 
term, that the patients treated with the endoscopie method 
had significantly greater grip strength, pinch strength, and 
hand dexterity. The open technique resulted in greater scar 
tenderness during the first 3 months after surgery as well as a 
longer time until the patients could return to work. 34 

Everyone is not in agreement on this point though. In a 
small study of 25 patients with bilateral carpal tunnel syn¬ 
drome who underwent an endoscopie release by the Agee 


technique o n 1 hand and open release o n the other, the inves- 
tigators found no significant advantages in terms of return 
of grip strength, manual dexterity, or sensation. 35 Foucher 
and coworkers examined their initial expérience with this 
technique in 95 hands at 4.5 years. 36 Seventy-two percent of 
hands were free of symptoms and 94% were described by the 
patients as functionally normal. Seventeen hands (out of 27) 
with residual or récurrent symptoms were examined. Nine 
hands (9 patients) were onlypartially improved (mean 6.7 on 
a 10-point scale) and in 8 hands (7 patients), s orne symptoms 
had recurred after a mean delay of 3.8 years. 

DISTAL ULNAR NEUROPATHY 

Anatomy 

The ulnar tunnel or Guyon canal is approximately 4 cm in 
length, which begins at the proximal edge of the carpal trans¬ 
verse ligament and ends at the fibrous arch of the hypothenar 
arch. It is bounded medially by the pisiform, and radially by 
the hamate hook. The floor consists of the carpal transverse 
ligament and the roof consists of the continuation of the 
deep forearm fascia, that is, the volar carpal ligament. The 
ulnar nerve has 15 to 25 fascicles at the wrist. It can be clearly 
divided into a volar sensory component and a dorsal motor 
component. At the wrist, the ulnar nerve passes over the 
TCL, médial to the ulnar artery, through Guyon canal. The 
deep motor branch is given off at the pisiform and passes 
underneath a fibrous arch to lie on the palmar surface of the 
interossei. It crosses the palm deep to the flexor tendons, 
to terminate in the adductor pollicis and ulnar head of the 
flexor pollicis brevis. 

Pathophysiology 

The standard teaching divides the sites of compression in 
Guyon canal into 3 zones. In zone I, nerve compression 
leads to mixed motor and sensory symptoms. In zone II, 
symptoms are purely sensory, and in zone III, symptoms are 
purely motor and restricted to muscles innervated by the 
deep ulnar motor branch. 37 Two sites of entrapment distal 
to the abductor digiti minimi hâve also been described. 38 In 
these cases the ADM will be preserved while there is weak- 
ness and wasting of the intrinsics. 

History 

The patient may also présent with complaints of numbness 
and tingling of the small and/or ring finger. The dorsoulnar 
aspect of the hand however is not affected. The patient may 
give a history of répétitive percussion using the hypothenar 
eminence that may occur with autobody technicians, mar¬ 
tial artists, and Kodo drummers. Bicyclists who ride for 
extended periods in the crouch position may entrap the deep 
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motor branch against the hamate hook while grasping the 
handlebars. A history of Raynaud disease symptoms should 
alert one to the possibility of ulnar artery thrombosis. 

Physical 

There are no characteristic findings of ulnar tunnel entrap- 
ment per se. A Tinel sign may be présent at the wrist but not 
the elbow unless there is an associated cubital tunnel entrap- 
ment. Intrinsic atrophy may also occur in chronic compres¬ 
sion, but the FCU and the FDP are not affected. There should 
be a négative Tinel sign at the elbow and a négative elbow 
flexion test. If there is an associated ulnar artery aneurysm, 
there may be a palpable thrill and an audible bruit. With 
ulnar artery thrombosis, the Allen test will be positive for 
ulnar artery occlusion. With an associated fracture of the 
hook of the hamate, there will be localized tenderness in the 
palm, 1 cm radial and 1 cm distal to the pisiform. Ancillary 
testing such as ultrasound, CT, angiography, and MRI may be 
employed to aid in the diagnosis of these associated entities. 

Electrodiagnostic Studies 

The usual nerve conduction studies are inadéquate at assess- 
ing ulnar nerve entrapment in the palm. Short segment incré¬ 
mental study (SSIS) is a sensitive and spécifie way to assess 
the deep motor branch since focal conduction abnormalities 
also tend to be normalized over the distance between the 
ADM and the FDI. 39 The ulnar nerve is stimulated in 1-cm 
incréments from 3 to 4 cm proximal and distal to the wrist 
crease. Abnormal values include a >0.5-millisecond jump or 
a >120% drop in amplitude. When this is combined with FDI 
conduction and interosseous-latency différences, the diag¬ 
nostic yield increases. 

Quantitative Sensory Testing 

The 2PS to the small finger is the first to go, foliowed by an 
abnormal 1 PS. The dorsoulnar carpus should remain nor¬ 
mal unless there is an associated C8-T1 radiculopathy. 

Nonoperative Treatment 

The mainstay of treatment is activity modification. Bicyclists 
should avoid riding in the crouch position with their hands 
low on the handlebars since this is a recognized précipitant 
of symptoms, and change their hand position frequently. 
Autobody repair technicians, martial artists, and Kodo 
drummers should avoid répétitive percussion on the ulnar 
border of their palm. Wrist splinting and cortisone injections 
hâve no rôle in this condition. 

SURGICAL INDICATIONS 

Intrinsic wasting and/or sensory loss are a sine qua non for 
décompression. The presence of a mass-occupying lésion 


also mandates surgical treatment. Ulnar artery thrombo¬ 
sis or aneurysm may be treated with ulnar artery repair or 
ligation. 

CONTRAINDICATIONS 

Ulnar motor and/or sensory disturbances due to more proxi¬ 
mal causes preclude a distal release. Ulnar sensory distur¬ 
bances in CTS were a common indication for release in the 
1980s, but hâve now become an infrequent indication for the 
release of Guyon canal since the majority of patients expéri¬ 
ence improvement following a CTR. 40 

Surgical Technique 

The ulnar nerve is identified proximal to the distal wrist 
crease between the FCU and the flexor tendons through a 
curving incision that crosses the wrist obliquely, and bisects 
the interval between the pisiform and the hook of the hamate. 
The ulnar nerve is followed distally as the volar carpal liga¬ 
ment is released. The ulnar artery is inspected for thrombo¬ 
sis or aneurysm. The fibrous arch of the hypothenar muscles 
is incised and the floor of the canal is explored for masses, 
fibrous bands, or anomalous muscles. With entrapment in 
the palm, the deep motor branch is followed distally as it tra¬ 
verses the palm lying on the interosseous fascia, deep to the 
flexor tendons and superficial palmar arch. The dissection is 
completed as the motor branch ends in the muscle belly of 
the adductor pollicis (Fig. 24-3A-D). 

Complications 

These are mostly related to in jury to the branches of the ulnar 
nerve or artery. Injury to the palmar cutaneous branches of 
the ulnar nerve or the nerve of Henle (if présent) may resuit 
in scar tenderness and hypoesthesia. Uncommonly injury to 
the pisiform ligament complex can resuit in instability of the 
pisotriquetral joint. 41 

Outcomes 

Clinical recovery is seen in the majority of patients when the 
ulnar nerve entrapment is due to a space-occupying lésion. 42 
Motor recovery is less predictable when compared with sen¬ 
sory recovery, especially when the compression is due to a 
fibrotic hypothenar arch or of a long-standing nature. 

SUPERFICIAL RADIAL NERVE 
ENTRAPMENT 

Anatomy 

The radial sensory nerve exits from under the brachiora- 
dialis approximately 5 cm proximal to the radial styloid and 
bifurcates into a major volar and a major dorsal branch at 
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FIGURE 24-3 Distal ulnar neuropathy. A and B . Preoperative photographs of attempted index finger abduction. Note t he marked wasting of the 
first, second, and third dorsal interossei, but the normal bulk of the abductor digiti minimi (arrows). C. Intraoperative viewfollowingan ulnar nerve 
décompression in Guyon canal as it splits into a superficial sensory branch (white asterisk) and deep motor branch ( *) that passes under the hypothe- 
nar arch. D. Six months after operation. Note the normal bulk of the dorsal interossei and the active index finger abduction. 


a mean distance of 4.2 cm proximal to the radial styloid. It 
then moves distally where it supplies sensation to the dor- 
sum of the thumb, the first web space, and the dorsoradial 
aspect of the carpus, extending up to the index and middle 
fingers. 


Pathophysiology 

The superficial radial nerve (SRN) can be injured in the dis¬ 
tal forearm or at the wrist by tight bracelets or watch bands, 
handcuffs, radius fractures, lacérations, venous cutdown, 
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and blunt trauma. The SRN may also be entrapped as it exits 
the fascia between the tendons of the BR and ECRB. 

History 

Pertinent history may include compressive or crushing fore- 
arm injuries, work activities requiring frequent pronation 
and wrist hyperextension, and associated illnesses, such as 
diabètes. Symptoms included altered sensibility over the 
dorsoradial aspect of the hand and dorsoradial cutaneous 
pain with ulnar flexion of the wrist or with gripping and 
pinching. 

Physical 

Physical examination includes altered touch perception, 
moving 2PD >15 mm, static 2PD that is 5 mm greater than 
the contralatéral first web space, a positive Tinel sign over 
the SRN, and aggravation of the patient’s symptoms with 
forced forearm pronation and wrist ulnar flexion. 43 

Quantitative Sensory Testing 

The patients will hâve an abnormal 2PS and possibly 1PS 
over the dorsum of the first web. 

Electrodiagnostic Studies 

The distal radial sensory latency may be normal even in the 
presence of abnormal forearm conduction. This commonly 
occurs with nerve entrapment due to segmentai conduction 
velocity slowing. In more advanced cases slowing or a com¬ 
plété block of the distal SRN occurs. If the response is absent, 
it is difficult to localize the lésion. 

SURGICAL INDICATIONS 

A failure to improve following conservative treatment with 
avoidance of répétitive wrist déviation and tight bands or 
jewelry is an appropriate reason. 

CONTRAINDICATIONS 

De Quervain tenosynovitis often includes a component of 
SRN irritation and should be treatedbefore considering SRN 
décompression. 

Surgical Technique 

A 2-cm incision is made approximately proximal to the 
radial styloid. The SRN is identified as it exits from under- 
neath the tendon of the brachioradialis. The overlying fascia 
is split while care is taken not to disturb the nerve. 


Outcomes 

Dellon and MacKinnon reported on a group of 51 patients 
with complaints related to entrapment of the superficial sen¬ 
sory branch of the radial nerve. Seven (37%) of 19 patients 
were treated with nonoperative modalities after a mean of 
28 months from the onset of symptoms or their injuries were 
improved. Of the 32 patients treated with surgery there was 
excellent subjective improvement in 37%, good subjective 
improvement in 49%, and fair subjective improvement in 
6%, and 8% were not improved. 43 

Complications 

The complications for each procedure are similar. They 
include wound problems related to infection, skin healing, 
tender scars due to injured cutaneous nerves, hematoma, 
and iatrogénie injury due to rough nerve handling and/or 
retraction. These can be minimized by meticulous hemo- 
stasis, gentle nerve handling, and précisé surgical technique. 
Stiffness can occur and is minimized by early joint mobiliza- 
tion. The incidence of residual symptoms is predicated by 
the preoperative degree of nerve in jury. 
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INTRODUCTION 

Nerve transfers hâve grown in popularity over the past sev- 
eral décades for reconstruction of peripheral nerve lésions. 
These procedures were initially used to treat injuries of the 
brachial plexus, but hâve since evolved to treat lésions at var- 
ious levels of the upper and lower extremities. 1 In general, 
a nerve transfer should be considered when other methods 
of reconstruction, such as direct repair and tendon trans¬ 
fer, are known to hâve suboptimal outcomes. Ulnar nerve 
lésions proximal to the forearm and occasionally lésions of 
the médian nerve in the midforearm are 2 examples of such 
injuries. Both of these injuries resuit in significant functional 
déficits related to the loss of intrinsic muscle function and 
fingertip sensibility. 

In regards to high ulnar nerve injuries in adult patients, 
clinical expérience shows there is rarely significant recovery 
of intrinsic muscle function foliowing a direct neurorrhaphy 
or nerve graft reconstruction. 2 In such a situation a poor out- 
come is likely due to the long distance the axons must travel 
to reach their target motor end plates. Additionally, the ulnar 
nerve at the elbow is made up of both sensory and motor fas- 
cicles; therefore, the fascicular mismatch folio wing a primary 
repair leads to misdirection of the axons. The same is true for 
médian nerve injuries in the middle and proximal thirds of 
the forearm, especially when a long nerve graft is required. 
Based on rat studies, axons advance at 1 to 3 mm per day 
following a nerve lacération, whereas the motor end plates 
degenerate by 1% per week; therefore, at 1 year the nerve can 
only grow 350 mm and there is an approximate 50% loss of 
end plates; hence, any further delay in reinnervation leads 
to irréversible intrinsic muscle fibrosis. 3 Sensory end organs, 
on the other hand, can be reinnervated for a longer period 
of time since there is no motor end plate and the sensory 
end organs remain viable for years. One may see a recovery 
of protective sensibility following repair of a proximal nerve 
in jury even after years. 4 

In order to restore hand function after a high ulnar nerve 
or proximal forearm médian nerve injury, there are a num- 
ber of ancillary procedures that can augment the functional 


recovery, including a dermadesis, tenodesis or capsulodesis 
for clawing, arthrodesis, and a variety of tendon transfers. 
These procedures often do not provide an idéal functional 
resuit, or require sacrifice of another muscle group t hat can 
further impede the function of an already limited hand. 5,6 As 
a conséquence, the distal anterior interosseous nerve (DAIN) 
transfer has emerged as an additional option for intrinsic 
muscle reconstruction. The DAIN can be transferred to the 
deep motor branch (DMB) of the ulnar nerve or the thenar 
branch (TB) of the médian nerve, depending on the site of 
in jury. 

The reported results to date suggest that DAIN transfer is 
an excellent treatment considération for these difficult inju¬ 
ries and fulfills many of the principles that hâve been devel- 
oped for successful nerve transfer surgery (see Table 25-1). 
Specifically, the DAIN lies in close proximity to the target 
musculature in the hand, consists almost entirely of motor 
axons, and is of adéquate caliber to match the 2 récipient 
nerves mentioned above. The first clinical application of this 
procedure was performed by Wang and Zhu in 1979 and 
published in 1997. 7 There hâve since been several studies 
documenting good functional results with minimal donor- 
site morbidity. 8-11 

INDICATIONS 

DAIN transfer is used to reanimate the intrinsic muscles 
of the hand. As stated above, the most common indication 
for this procedure is a proximal ulnar nerve injury. A high 
ulnar nerve injury typically results in denervation of the 
2 most ulnar flexor digitorum profundus (FDP) muscles, 
the flexor carpi ulnaris (FCU) muscle, the hypothenar 
muscles, the palmar and dorsal interosseous muscles, and 
the adductor pollicis muscle. The FDP and FCU function 
will often recover to some degree following a primary 
nerve repair, since their motor end plates are close to the 
site of in jury. Therefore, the primary goal of a DAIN trans¬ 
fer is to restore function to the ulnar innervated intrinsic 
muscles of the hand. 
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TABLE 25-1: Principles of Nerve Transfer Surgery 


1. The donor nerve must be functional. This should be confirmed 
preoperatively by physical examination, and/or intraoperatively 
by direct nerve stimulation 

2. A predominantly motor nerve should be used 

3. Sacrifice of the donor nerve should resuit in minimal functional 
loss 

4. The target fascicles of the récipient nerve should be able to be 
readily identified and isolated 

5. Direct and tension-free coaptation should be possible without the 
use of a nerve graft 

6. Nerve transfer should ideally occur within 6 months of the initial 
in jury 

7. There should be an adéquate match in donor and récipient nerve 
caliber and number of axons 


An additional, though less common, indication for DAIN 
nerve transfer is a médian nerve in jury in the forearm just 
distal to the takeoff of the AIN. It is important, however, 
to verify that the distal AIN is indeed intact. Additionally, 
with a distal médian nerve injury a primary neurorrhaphy 
may reach the APB end plates sooner than a DAIN transfer. 
Moreover, an opponensplasty provides reasonable function. 
Because of this, a DAIN transfer is a less common indication 
in a low médian nerve palsy. 

CONTRAINDICATIONS 
Absolute Contraindications 

If a prolonged period of time has passed since the initial 
in jury, there may not be a benefit to performing nerve trans¬ 
fer. A DAIN transfer should be done within 6 months of 
in jury with an upper limit of 12 months. 12 

Damage to the DAIN axons precludes the use of this 
transfer. If there is still concern regarding the viability of 
the AIN after physical examination, an MRI may be used 
to compare the mass of pronator quadratus (PQ) with the 
contralatéral side. Electromyographic studies may be use- 
ful as well. In uncertain cases, direct DAIN stimulation at 
the time of surgery may be necessary to confirm satisfactory 
function. 

Extensive damage to the distal motor fascicles constitutes 
another contraindication. 

Finally, in the case of a previous high ulnar nerve repair, 
one should ascertain that there is no evidence of recovery 
of motor function. This can be challenging to discern, as 
the innervation pattern of upper extremity musculature 
does not always fit the “textbook” description. The inner¬ 
vation patterns of the FCU and FDP can vary in terms of 
their contributions from the ulnar and médian nerves. 13,14 
Furthermore, the presence of Martin-Gruber and Riche- 
Cannieu anastomoses can also complicate the hand exami¬ 
nation. Electromyographic studies can help clarify this. 


© TABLE 25-2: Indications and Contraindications 
for Distal Anterior Interosseous Nerve Transfer 


Indications 

Contraindications 

• Isolated ulnar nerve 

Absolute 

in jury proximal to the 

• Greater than 12- to 18-month delay 

forearm 

following in jury 

• In jury to the médian 

• The DAIN axons hâve been damaged 

nerve distal to the 

at any level 

branch of the AIN 

• The récipient fascicle has been 
damaged and precludes accurate 
coaptation or régénération 

• E'sddence of motor réanimation from 
primary repair 

Relative 

• The ulnar nerve lésion is in the distal 
or middle third of the forearm and 
amenable to primary repair 

• The ulnar nerve lésion is at or below 
the elbow in a young patient 


Relative Contraindications 

Ulnar nerve lésions in the middle or distal thirds of the 
forearm that are amenable to primary repair will likely not 
benefit from DAIN transfer. If these lésions are repaired in 
a timely manner, the functional gains may be superior with 
direct coaptation or nerve graft reconstruction of the injured 
nerve. This is because the coaptation site of the DAIN to the 
ulnar DMB fascicles may not be substantially doser to the 
hand intrinsic motor end plates than would be the case with 
an orthotopic neurorrhaphy. 

When the ulnar lésion is in the proximal third of the fore¬ 
arm, the âge of the patient and the degree of in jury may help 
dictate the reconstruction. A nerve transfer should not be 
performed in a young patient with a clean nerve transection 
that can be repaired primarily, due to the more favorable out- 
comes reported in younger âge groups (Table 25-2). 2 

PREOPERATIVE CONSIDERATIONS 

The patient should be fully recovered from their initial trauma 
prior to proceeding with nerve transfer. Adéquate vascular 
supply should be confirmed in the upper extremity, especially 
if major blood vessels were damaged in the initial in jury. Ail 
wounds from the original in jury should be well healed. Ideally, 
hand therapy should be started preoperatively to ensure the 
hand is as supple as possible prior to nerve transfer. 12 

SURGICAL TECHNIQUE 

The patient should be positioned supine with the injured 
upper extremity abducted to 90° on a hand table. A pneu- 
matic tourniquet should be placed about the proximal arm, 
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and a nerve stimulator and operating microscope should be 
available in the room. 

There are several considérations that go into planning the 
incision. The incision will be dépendent on whether the DMB 
or TB has been chosen as the récipient nerve. Additionally, if 
there is an exploratory component of the procedure to assess 
the level of injury, or if ancillary procedures are planned 
concomitantly, these must be incorporated into the inci¬ 
sion design and placement. A decision must be made prior 
to beginning the procedure whether the donor or récipient 
nerve will be approached first. This is important because 
after inflation of the tourniquet there is a limited amount of 
time in which intraoperative nerve stimulation is possible to 
détermine nerve function. The description of this procedure 
in past works varies in regards to which nerve should be 
approached first. 12,15,16 The surgeon should assess the overall 
extent of the in jury and décidé whether intraoperative test- 
ing of either the donor or récipient nerve would be necessary 
or helpful. In most patients if intraoperative stimulation is 
indicated, it is to confirm adéquate function of the DAIN. 

Distal Anterior Interosseous Nerve Transfer 
to the Deep Motor Branch of the Ulnar Nerve 

An incision is made approximately 3 to 4 cm distal to the 
wrist flexor crease at the level of the Kaplan’s cardinal line 
in line with the fourth web space. The incision is contin- 
ued proximally across the wrist in a zigzag manner, Cross¬ 
ing directly over Guyon canal just radial to the pisiform. It is 
continued proximally to the junction of the middle and distal 
thirds of the forearm, keeping slightly ulnar to the midline. 

The dissection is then deepened through the antebrachial 
fascia between the FCU and the finger flexor tendons. Care 
should be taken to protect the médian nerve, which is adhèr¬ 
ent to the undersurface of the flexor digitorum superficialis 
(FDS), as well as the ulnar neurovascular structures beneath 
the FCU. The FDS and FDP tendons are retracted radially to 
expose the PQ muscle, the interosseous membrane, the AIN, 
and the anterior interosseous artery and veins. The DAIN 
typically enters the PQ approximately 5 to 10 cm proximal 
to the ulnar styloid. 17 The AIN is isolated from the vessels 
and secured with a small-caliber vessel loop. Intraoperative 
nerve stimulation is then performed to assess the AIN viabil- 
ity prior to transfer. 

The nerve is then traced distally within the substance of 
the PQ muscle until it bifurcates or trifurcates, which is typi¬ 
cally at the level of the proximal third or half of the muscle. It 
is then sharply transected at this level. 

After isolating the donor nerve, attention is then turned 
toward préparation of the récipient fascicles. The ulnar 
nerve should be isolated from the ulnar artery and veins and 
secured with a vessel loop. Care should be taken to protect 
the dorsal cutaneous sensory branch during this dissection. 
The contents of Guyon canal are exposed by dividing the 
palmaris brevis and the volar carpal ligament. The superfi- 
cial branch of the ulnar nerve should be visible beneath the 


palmaris brevis and superficial to the hypothenar muscles. 
The DMB will lie deep to the pisohamate ligament, radial to 
the hook of hamate. 18 

The motor fascicles are separated from the sensory fasci¬ 
cles from distal to proximal. Any interfascicular connections 
can be safely divided up to the midforearm level. MacKinnon 
and coworkers prefer to trace the fascicle visually until the 
midforearm before physically separating the fascicles. 16 

The DMB should not be divided until sufficient length 
has been gained to permit a tension-free coaptation to the 
DAIN with the wrist extended 30° and the fïngers extended. 

The DAIN is passed deep to the flexor tendons and coapted 
to the DMB with 10-0 epineural sutures using an operating 
microscope. If the wrist cannot be extended to 30° without 
undue tension on or disruption of the coaptation site, the 
wrist should be splinted in neutral or an interposition nerve 
graft using the latéral antebrachial cutaneous nerve can be 
used, but this will likely resuit in poorer outcomes. 

The tourniquet is then released and hemostasis obtained. 
The volar carpal ligament and antebrachial fascia are not 
repaired and the wound is closed in layers. 

Distal Anterior Interosseous to the 
Thenar Branch of the Médian Nerve 

When DAIN transfer is used for thenar réanimation, the sur- 
gical approach to the donor nerve is essentially unchanged, 
but the distal incision is oriented more radially to allow for 
visualization of the TB. Care should be taken to avoid in jury 
to the palmar cutaneous branch of the médian nerve. The 
transverse carpal ligament is divided completely and an 
interfascicular dissection is performed, isolating the TB fas¬ 
cicles from the sensory fascicles. The remainder of the opera¬ 
tion, in addition to the postoperative care, is identical to that 
described above. 


POSTOPERATIVE REHABILITATION 

The postoperative immobilization should be individualized. 
In most patients the wrist is splinted in neutral position with 
the MP joints flexed and IP joints extended for 3 weeks. If 
the neurorrhaphy site was under any significant tension, the 
wrist is immobilized in mild flexion for 4 weeks followed 
by progressive mobilization. In a young or potentially non- 
compliant patient a long arm cast is applied for 3 weeks to 
protect the repair. Signs of intrinsic reinnervation typically 
occur between 6 and 9 months, often initially evidenced by 
intrinsic muscle contraction during forearm pronation. Over 
time, motor rééducation should occur spontaneously with 
activities of daily living. If this does not occur, formai hand 
therapy may be required, including the use of biofeedback 
and functional electrical stimulation. 

If there is no clinical evidence of reinnervation by 10 to 
12 months postoperatively, EMG is performed. If there is 
evidence of reinnervation, hand therapy is continued. If 
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TABLE 25-3: Summary of Published Outcomes of Distal Anterior Interosseous Nerve Transfer 

Study 

Number of Patients 

Outcome Measure 

Results 

Wang and Zhu 7 -“ 

14 

British Medical Research Council 

Grade 

Grade 5—3 patients 

Grade 4—6 patients 

Grade 3—3 patients 

Grade 2—2 patients 

Battiston and Lanzetta 8 -*' 

7 

Highet-Zachary scale and latéral pinch 
and grip strength as a percentage of 
the contralatéral side 

Excellent—1 patient c 

Good—5 patients 

Poor—1 patient 

Haase and Chung 10 

2 

Clinical examination 

Clinical signs of reinnervation in both patients 

Novak and Mackinnon 9 

8 

Preoperative and postoperative latéral 
pinch and grip strength 

Mean latéral pinch improved from 2.2 to 13.8 lb, and 
mean grip strength improved from 8.8 to 61.2 lb 

Flores 11 -*' 

5 

Highet-Zachary scale 

Ail patients achieved a “good” resuit 


°A portion of these procedures were transfers of the DAIN to the TB. Additionally, a nerve graft was used for each case. 
^Concomitant nerve transfers were performed in each of these studies for improvement in sensory function. 

‘This patient was 11 years old. 


there is no electromyographic evidence of reinnervation by 
1 year postoperatively, it is likely the procedure has failed 
and alternative treatment considérations, including tendon 
transfers, should be discussed with the patient. 

COMPLICATIONS 

Complications from DAIN transfer are rare, and the mini¬ 
mal donor-site morbidity makes this procedure an attractive 
initial option for treating high ulnar nerve injuries. There is 
no apparent loss of pronation strength, and no spécial r isk of 
infection or hematoma. 

OUTCOMES 

The literature on outcomes of this procedure mostly con- 
sists of small rétrospective case sériés (Table 25-3). 7-11 
Additionally, the outcome measures vary a great deal from 



FIGURE 25-1 Finger abduction, dorsal view, 84 months post left DAIN 
to DMB transfer. Note some residual claw deformity of left small finger. 


study to study. This makes it challenging to assess the true 
results of this relatively uncommon procedure. 

An additional benefit of this procedure that we hâve 
observed is the prévention of and reversai of intrinsic muscle 
atrophy, since the lack of soft tissue bulk provided by the 
intrinsics may make power grip uncomfortable. Figures 25-1 
to 25-6 demonstrate the postoperative resuit from a DAIN to 
DMB nerve transfer at 7 years of follow-up. The patient was 
a 20-year-old male who sustained a complété, sharp transec- 
tion of the left ulnar nerve 12 cm proximal to the elbow. He 
underwent a direct repair at the time of in jury and a follow- 
up DAIN to DMB transfer 8 months later. Return of func¬ 
tion was demonstrated 16 months after the initial injuryand 
8 months after the nerve transfer procedure. Réanimation 
was First noted by contraction of the ulnar innervated lum- 
brical muscles while pronating the forearm. Function con- 
tinued to improve over several years and the patient is now a 
surgical résident physician. 

In conclusion, the DAIN to DMB nerve transfer should 
be considered as a reconstructive option for an isolated high 




FIGURE 25-2 Finger abduction, palmar view, patient above. 
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FIGURE 25-5 Intrinsic plus positioning demonstrating function of 
the lumbrical muscles, patient above. 



ulnar nerve injury. The donor-site morbidity is negligible 
and the functional outcomes are predictable and preclude 
the need for further surgery provided the procedure is car- 
ried out in a timely manner. Additionally, other reconstruc¬ 
tive options, such as tendon transfers, are still available in the 
event of a poor outcome. 
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FIGURE 25-6 Fingertip pinch demonstrating the absence of a 
Froment sign. 
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Management of Distal 
Radius Fractures 

David J. Slutsky, MD 


Distal radius fractures (DRFs) occur as a conséquence of 
trauma. There is a bimodal distribution with high-energy 
fractures occur ring in younger people, mostly males, and 
low-energy fractures occurring in older persons, mostly 
females. 1 They are one of the most common fractures. In 
2006 there were 195.2 fractures per 100,000 people. 2 At least 
$164,000,000 was spent on hospitalizations related to DRFs 
in 2000. 3 

ANATOMY 

The articular surface of the radius is triangular, with the 
apex of the triangle at the radial styloid. It slopes in a volar 
and ulnar direction with a radial inclination of 23° (range 
13°-30°), a radial length of 12 mm (range 8-18 mm), and an 
average volar tilt of 12° (1°-21°). The dorsal surface of the 
distal radius is convex and irregular, and it is covered by the 
6 dorsal extensor compartments. The dorsal cortex is thin, 
which often results in comminution that can lead to an 
abnormal dorsal tilt. Lister’s tubercle acts as a fulcrum for the 
extensor pollicis longus (EPL) tendon, which lies in a groove 
on the ulnar side of the tubercle. The volar side of the distal 
radius, which is covered by the pronator quadratus (PQ), is 
fiat and makes a smooth curve that is concave from proxi¬ 
mal to distal. A cartilaginous anteroposterior ridge divides 
the distal articular surface of the radius into a scaphoid facet 
and a lunate facet. The scaphoid fossa is triangular, whereas 
the lunate fossa is more quadrangular in shape. The trian¬ 
gular fibrocartilage complex (TFCC) originates on the ulnar 
rim of the lunate fossa and extends ulnarly to insert into the 
base of the ulnar styloid. The articulation of the ulnar head 
to the radius is not congruent, with the radius of curvature 
of the shallow sigmoid notch being slightly greater than that 
of the convexity of the ulna head. Only the brachioradialis 
(BR) tendon inserts onto the distal radius. The other wrist 
flexor or extensor tendons pass across the distal radius to 
insert on the carpal bones or the base of the metacarpals. 

The dorsum of the radius is cloaked by the arboriza- 
tions of the superficial radial nerve (SRN) and the dorsal 



cutaneous branch of the ulnar nerve (DCBUN). The SRN 
exits from under the BR approximately 5 cm proximal to the 
radial styloid and bifurcates into a major volar and a major 
dorsal branch at a mean distance of 4.2 cm proximal to the 
radial styloid. Either partial or complété overlap of t he lat¬ 
éral antebrachial cutaneous nerve (LABCN) with the SRN 
occurs up to 75% of the time. The DCBUN arises from the 
ulnar nerve 6 cm proximal to the ulnar head and becomes 
subcutaneous 5 cm proximal to the pisiform. It crosses the 
ulnar snuffbox and gives off 3 to 9 branches that supply 
the dorsoulnar aspect of the carpus, small finger, and ulnar 
ring finger. 

MECHANISM OF INJURY 

Falling onto an outstretched hand is the most commonly 
cited mechanism of in jury in DRFs. The mechanism typically 
involves a combination of axial loading, a bending moment, 
and either supination or pronation. The degree, direction, 
and extent of the applied load may cause further coronal or 
sagittal splits within the lunate or scaphoid facets. Increasing 
wrist extension at the time of impact could resuit in more dor¬ 
sal comminution. Arthroscopic studies hâve revealed a high 
incidence of associated soft tissue injuries, which can impact 
the prognosis (Table 26-1). A recent computed tomographie 
(CT) study of 100 DRFs revealed that the fracture Unes were 
significantly more likely to occur at the inter vais between 
the ligament attachments than at the ligament attachments. 8 
Common sites of fractures were the center of the sigmoid 
notch, between the short and long radiolunate ligaments, and 
the central and dorsal ulnar aspects of the scaphoid fossa. 
The authors postulated that either the ligament attachment 
sites might be strengthened by the ligamentous insertions or 
the ligaments might insert in régions of higher bone qual- 
ity. These findings might explain why ligamentotaxis can be 
successful in reducing those articular rim fragments with a 
preserved ligament attachment. Central articular die-punch 
fragments are not reduced because of the lack of ligamentous 
attachments. 
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Q TABLE 26-1: Incidence of Soft Tissue Injuries with Distal Radius Fractures 



Typeof DRF %TFCC %SLIL 

% LTIL 

% Extrinsic 


Fontes 

30 (intra- and extra-articular) 

70 

40 

17 

Geissleret al 4 

60 (intra-articular) 

49 

32 

15 

Lindau et al 5 

50 (intra-articular) 

78 

54 

16 

Richards et al 6 

118 (intra- and extra-articular) 

35 (intra) 

21 (intra) 

7 (intra) 



53 (extra) 

7 (extra) 

13 (extra) 

Mehta et al 7 

31 (intra- and extra-articular) 

58 

85 

61 


BASIC FRACTURE HEALING 

When a bone fractures, the stored energy is released. At low 
loading speeds the energy can dissipate through a single 
crack. At high loading speed the energy cannot dissipate 
rapidly enough through a single crack. Comminution and 
extensive soft tissue damage occur. Fractures that exhibit 
multiple fracture Unes are thus inherently more unstable due 
to the greater energy absorption at the time of injury. The 
major factors determining the mechanical environment of a 
healing fracture include the rigidity of the selected fixation 
device, the fracture configuration, the accuracy of fracture 
réduction, and the amount and type of loading at the fracture 
gap. The fracture site stability may be artificially enhanced 
by a variety of external or internai means, which include cast 
treatment, pins, external fixation, intramedullary implants, 
and plates. Fracture healing under unstable or flexible fixa¬ 
tion typically occurs by callus formation. This applies to cast 
treatment with or without supplémentai pin fixation, as well 
as external fixation. 

Four biomechanical stages of fracture healing hâve 
been defined: stage I—failure through original fracture 
site, with low stiffness; stage II—failure through original 
fracture site, with high stiffness; stage III—failure partially 
through original fracture site and partially through intact 
bone, with high stiffness; and stage IV—failure entirely 
through intact bone, with high stiffness. 9 These data help 
to détermine the level of activity that is safe for patients 
with a healing fracture. The distal radius is composed 
largely of cancellous metaphyseal bone. Bone healing in 
cortical and cancellous bone is qualitatively similar, but 
the speed and reliability of healing is generally better in 
cancellous bone due to the comparatively large fracture 
surface. Extra-articular fractures are thought to be healed 
by 5 weeks after in jury. 10 

For the purposes of réhabilitation of DRFs, stage I would 
roughly correspond to the initial 4 weeks or the soft callus 
phase. Protection of the fracture from excessive forces is 
needed to prevent shortening and angulation. Stage II would 
coincide with the 4- to 8-week time period. The period 
beyond 8 weeks would represent stages III and IV where the 
fracture has clinically united and can tolerate progressive 
loading. 11 


FRACTURE SITE FORCES 

Movement of the bone fragments dépends on the amount 
of external loading, stiffness of the fixation device, and the 
stiffness of the tissue bridging the fracture. 

The physiologie forces with wrist motion hâve been esti- 
mated to lie between 88 and 135 N (1 lb of force = 4.48 N). 12 
Eighty-two percent of the loads across the wrist are transmit- 
ted through the distal radius. 13 Cadaver studies hâve demon- 
strated that for every 10 N of grip force, 26 N is transmitted 
through the distal radius metaphysis. Given that the average 
male grip force is 463 N or 105 psi, this would imply that up 
to 2410 N of force could be applied to the distal radius dur- 
ing power gripping. 14 Rikli et al measured the in vivo dynamic 
intra-articular pressures under local anesthésia in the radio- 
ulnocarpal joint of a healthy volunteer. 15 With the forearm 
in neutral rotation, the forces ranged from 107 N with wrist 
flexion to 197 N with wrist extension. The highest forces of 
up to 245 N were seen with the wrist in radial déviation and 
the forearm in supination. Moss et al showed that in a cadaver 
study with AO/ASIF type C2 fractures the average failure load 
for a volar plate with a 7-distal screw construct was 139 N 
(±78) versus 108 N (±18) for a 4-screw construct before fail¬ 
ure, which was defined as 2 mm or more of displacement of 
any fracture fragment. 16 External fixators compress as much as 
3 mm under a 729-N load. 17 As a general guide, the grip forces 
during therapy should therefore remain under 140 N (36 psi) 
during the initial 4 weeks in order to prevent a failure of fixa¬ 
tion. Either type of fixation, however, provides enough stabil¬ 
ity to institute immédiate wrist motion. Newer-generation 
locking volar plates are stronger and may tolerate higher load¬ 
ing conditions, but fracture site settling will still occur. 

RADIOGRAPHIC STUDIES 

The initial x-rays should include a standard posteroanterior, 
latéral, and oblique view. Traction views can help distin- 
guish an intra-articular from an extra-articular fracture. The 
posterior-anterior (PA) view should be t aken with the elbow 
and shoulder at 90° and the forearm in neutral rotation, which 
standardizes the assessment of the ulnar variance. A true lat¬ 
éral x-ray is taken with the forearm in neutral rotation and 
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FIGURE 26-1 The teardrop angle is measured between a line drawn down the longitudinal axis of the radial shaft with a line drawn down the center 
of the teardrop. 


with the volar aspects of the pisiform and distal pôle of the 
scaphoid overlapped. 18 A 10° to 20° latéral inclined view where 
the beam is directed from distal radial to proximal ulnar pro¬ 
vides a true latéral view of the ulnar two thirds of the articu- 
lar surface, which is normally at an inclination of about 10°. 
This is especially important foliowing volar plating, to assess 
whether the ulnarmost subchondral screws penetrate the joint 
surface. 19 A 45° pronated oblique view can be used to assess 
the distal radioulnar joint (DRUJ) congruency since it profiles 
the dorsal ulnar cortex that supports the dorsal lunate articu- 
lar facet and forms the dorsal margin of the sigmoid notch. 

Medoff outlined some useful radiographie relationships. 
He described the teardrop, which is a dense, U-shaped out- 
line seen at the distal end of the radius on the latéral view. 20 
It is formed from the confluent outlines of the distal shaft 
and distal radial ridge, and terminâtes in the volar rim of the 
lunate facet. The thickness of the cortical bone that forms 
the base of the teardrop is noted to be significantly greater 
than the thickness of the dorsal cortical bone and reflects the 
greater loading forces that normally occur along the volar 
surface of the radius. The teardrop angle is determined by 
measuring the angle between a line extended along the longi¬ 
tudinal axis of the radial shaft and a line that is drawn down 
the center of the teardrop (Fig. 26-1). The normal angle is 
70°. Dépréssion of the teardrop angle below 45° is indica¬ 
tive of a sagittal split of the articular surface. The volar ulnar 
fragment arises because of impaction of the lunate into the 
lunate facet, which is then driven by the carpus into dorsi- 
flexion. Medoff also observed that with a wrist in neutral on 
the 10° latéral x-ray, a line extended from the volar cortex of 
the radial shaft should be nearly collinear with the center axis 
of rotation of the proximal pôle of the capitate. 20 Fractures 
with volar or dorsal displacement resuit in translation of the 
carpus with the capitate migrating volar or dorsal to this line. 
The AP distance is the point-to-point distance between the 
corner of the dorsal rim and the corner of the volar rim on 
the latéral view. In a sériés of20 patients with DRFs treated in 
Hawaii, an increase in the AP distance of more than 21 mm 
in men and 19 mm in women was correlated with a sagittal 
split with a separate dorsal ulnar and volar ulnar fragment. 


The variations in the height of Lister’s tubercle and in the 
depth of the EPL groove are considérable. The triangular 
shape of the dorsal cortex can obscure the détermination of 
screw protrusion through the dorsal cortex, which can poten- 
tially lead to EPL rupture. A CT study of 30 cadaver forearms 
and wrists revealed that the size of Listers tubercle varied 
from 1.4 to 6.6 mm (average 3.3 mm) in height radial to the 
tubercle, and the depth of the EPL groove varied from 0.6 to 
3.2 mm (average 1.6 mm). 21 Joseph and Harvey described a 
dorsal tangential view (horizon view) in which the wrist is 
hyperflexed and the beam is directed along the long axis of 
the radius to detect dorsal screw protrusion (Fig. 26-2). 

CT with sagittal and coronal reconstructions is valuable for 
operative decision making in intra-articular fracture patterns. 
CT is particularly helpful in die-punch fractures (fractures 
with a central dépréssion of the articular surface), volar lip 
fractures, and fractures involving the scaphoid facet. The axial 
view is useful to assess the congruency of the sigmoid notch. 

CLASSIFICATION 

A number of different classification Systems for DRFs hâve 
been described but are no longer in widespread use. The 
Frykman classification System focused on the intra-articular 
extension of the fracture and involvement of the DRUJ and 
the ulnar styloid. The Mayo classification emphasized the 
extent of articular involvement, whereas the Melone clas¬ 
sification highlighted the “die-punch” lunate facet fracture. 
Trumble et al 22 recommended identifying the folio wing 
clinical/radiographic features: (i) displacement—dorsal 
versus volar, (ii) comminution—<50% or only involving 
1 cortex versus >50% or involving 2 or more cortices, (iii) 
articular involvement—intra-articular versus extra-articular, 
(iv) ulna involvement—styloid, head, neck, DRUJ disloca¬ 
tion, or radial head in jury, and (v) associated soft tissue inju¬ 
ries—intercarpal ligament injuries, including scapholunate 
and lunotriquetral ligament tears, or injuries to the TFCC. 

The AO classification, with its 27 categories, is primarily 
useful for broad anatomie categorization of large numbers of 
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fractures for trauma registries and research purposes. A-type 
fractures are extra-articular fractures that spare the articular 
surface. B-type partial intra-articular fractures spare a por¬ 
tion of the articular surface that remains in continuity with 
the metaphysis and can resuit in volar lip, dorsal lip, radial 
styloid, and médial corner fractures, whereas impaction 
injuries can cause die-punch fractures. C-type fractures are 
composed of complex articular fractures where none of the 
articular surface remains in continuity with the metaphysis. 



FIGURE 26-3 Three-column model of the distal part of the radius. 


The fractures can be divided into those with a dorsal or volar 
pattern and a direct impaction fracture with or without com- 
minution. The fracture pattern can be a T or Y split of the 
articular surface or both. Metaphyseal comminution may 
involve greater than 50% of the diameter of the metaphysis 
on any radiographie view and involve 2 or more of t he cor- 
tices. Rikli and Regazzoni introduced the 3-column concept 
in which the distal radius is divided into médial, intermedi- 
ate, and latéral columns (Fig. 26-3). 23 This theory emphasizes 
that the latéral, or radial, column is an osseous buttress for 
the carpus and is an attachment point for the intracapsular 
ligaments; the primary function of the intermediate column 
is load transmission; and the médial, or ulnar, column serves 
as an axis for forearm and wrist rotation as well as a post 
for secondary load transmission. This classification is the 
basis for the fragment-specific fixation technique. Medoff 
expanded on this concept and described 5 basic fracture 
components: the radial column, ulnar corner, dorsal wall, 
free intra-articular, and volar rim (Fig. 26-4). 20 


TREATMENT OF DISTAL RADIUS 
FRACTURES 

The American Academy of Orthopédie Surgeons (AAOS) 
developed an evidence-based distal radius clinical practice 
guideline based on a systematic literature review. 24 Of the 
2625 abstracts that were screened, 73 met the criteria for 
inclusion. Each recommendation in this guideline summary 
is accompanied by a grade indicating the strength of the 
recommendation (Table 26-2). The guidelines are summa- 
rized in Table 26-3. It is apparent that the current literature 
does not hâve a sufficient number of evidence-based studies 
to answer many of the questions posed by the AAOS work 
group, but the hope is that this will improve when the guide¬ 
lines are revisited. 
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Radial column 



FIGURE 26-4 Medoff classification of intra-articular distal radius 
fractures. 

Indications for Closed Treatment 

The fractures of the distal radius best suited for nonop- 
erative treatment are undisplaced and minimally displaced 
stable extra-articular fractures and selected undisplaced intra- 
articular fractures. Patients with nondisplaced extra-articular 
or simple intra-articular fractures can be treated by casting 
without manipulation. Fractures with any displacement and 
loss of radial length, radial inclination, or palmar tilt should be 
reduced to improve the alignment and stability of the fracture. 

Contraindications 

Fractures that will likely require surgical treatment include 
(i) redisplaced fractures, (ii) dorsal tilt greater than 20° that 
cannot be corrected with a closed réduction, (iii) intra- 
articular step or gap of greater than 1 mm, and (iv) more 
than 3 mm of radial shortening. 

TECHNIQUE OF CLOSED REDUCTION 

Colles fractures with dorsal angulation are the most common 
and occur from a fall on an outstretched hand with supina¬ 
tion of the forearm. The réduction can be performed under a 


hematoma block or Bier block. They are reduced b y initially 
hyperextending the wrist to disengage the distal fragment, lon¬ 
gitudinal traction to restore the length, and then volar transla¬ 
tion and pronation of the distal fragment. Acute fractures can be 
initially immobilized in a volar and dorsal splint or sugar tong 
splint with the wrist in approximately 30° of flexion, pronation, 
and ulnar déviation, and then converted to a short arm cast in 
1 to 2 weeks after the acute swelling has resolved. The choice of 
a long arm or short arm cast has not been definitively resolved, 
but it does not appear to affect the outcome. Smith fractures with 
volar angulation are less common and occur with pronation of 
the hand during a torsional injury. These fractures are reduced 
in forearm supination and wrist extension, but they are usually 
unstable and require internai fixation. Immédiate finger motion 
is instituted following réduction, along with tendon gliding 
exercises and edema control (see the section “Réhabilitation”). 

X-rays are taken at weeks 1, 2, 3, and 6. Any signs of 
carpal tunnel compression must be addressed as described 
below. One must be diligent for signs of a delayed EPL rup¬ 
ture, which is more common with undisplaced fractures. 
Cast immobilization can not pre vent fracture site settling and 
cannot control a significant intra-articular step-off. 

Percutaneous Pinning 

EXTRAFOCAL PINNING 

Percutaneous K-wire fixation is indicated in fractures that 
can be initially reduced by closed réduction but are unstable 
due to comminution. Weil and Trumble showed that young 
patients with displaced extra-articular DRFs and minimal 
comminution can be treated by percutaneous pin fixation 
alone, whereas patients over 55 years of âge and younger 
patients with comminution involving 2 or more surfaces of 
the radial metaphysis or >50% of the metaphyseal diameter 
require bridging fixation in addition to percutaneous pin 
fixation. 25 The K-wires (0.045-0.062 in) can be inserted into 
the radial styloid, between the first and second compart- 
ments, just ulnar to the second compartment, through Lister s 
tubercle and into the dorsal ulnar corner of the distal radius. 


Q TABLE 26-2: AAOS Guidelines: Strength of Recommendations 

Strength 

Overall Quality of Evidence 

Description of Evidence 

Strong 

Good 

Level I evidence from more than 1 study with consistent findings for recommending for 
or against the intervention or diagnostic 

Moderate 

Fair 

Level II or III evidence from more than 1 study with consistent findings, or Level I evidence 
from a single study for recommending for or against the intervention or diagnostic 

Weak 

Poor 

Level IV or V evidence from more than 1 study with consistent findings, or Level II or III 
evidence from a single study for recommending for or against the intervention or diagnostic 

Inconclusive 

None or conflicting 

The evidence is insufficient or conflicting and does not allow a recommendation for 
or against the intervention or diagnostic 

Consensus 

No evidence 

There is no supporting evidence. In the absence of reliable evidence, the work group is 
making a recommendation based on their clinical opinion considering the known harms 
and benefits associated with the treatment 
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^ TABLE 26-3: AAOS DRF Guidelines 


1. We are unable to recommend for or against performing nerve 
décompression when nerve dysfonction persists after réduction 
Strength of recommendation: inconclusive 

2. We are unable to recommend for or against casting as definitive 
treatment for unstable fractures that are initially adequately 
reduced 

Strength of recommendation: inconclusive 

3. We suggest operative fixation for fractures with postreduction 
radial shortening >3 mm, dorsal tilt >10°, or intra-articular 
displacement or step-off >2 mm as opposed to cast fixation 
Strength of recommendation: moderate 

4. We are unable to recommend for or against any 1 spécifie 
operative method for fixation of distal radius fractures 
Strength of recommendation: inconclusive 

5. We are unable to recommend for or against operative treatment 
for patients over âge 55 with distal radius fractures 

Strength of recommendation: inconclusive 

6. We are unable to recommend for or against locking plates in 
patients over the âge of 55 who are treated operatively 
Strength of recommendation: inconclusive 

7. We suggest rigid immobilization in preference to removable 
splints when using nonoperative treatment for the 
management of displaced distal radius fractures 
Strength of recommendation: moderate 

8. The use of removable splints is an option when treating minimally 
displaced distal radius fractures 

Strength of recommendation: weak 

9. We are unable to recommend for or against immobilization of the 
elbow in patients treated with cast immobilization 

Strength of recommendation: inconclusive 

10. Arthroscopic évaluation of the articular surface is an option 
during operative treatment of intra-articular distal radius 
fractures 

Strength of recommendation: weak 

11. Operative treatment of associated ligament injuries (SLIL 
injuries, LT, or TFCC tears) at the time of radius fixation is an 
option 

Strength of recommendation: weak 

12. Arthroscopy is an option in patients with distal radius intra- 
articular fractures to improve diagnostic accuracy for wrist 
ligament injuries, and CT is an option to improve diagnostic 
accuracy for patterns of intra-articular fractures 

Strength of recommendation: weak 

13. We are unable to recommend for or against the use of 
supplémentai bone grafts or substitutes when using locking 
plates 

Strength of recommendation: inconclusive 

14. We are unable to recommend for or against the use of bone graft 
(autograft or allograft) or bone graft substitutes for the filling of a 
bone void as an adjunct to other operative treatments 
Strength of recommendation: inconclusive 


15. In the absence of reliable evidence, it is the opinion of the work 
group that distal radius fractures that are treated nonoperatively 
be followed by ongoing radiographie évaluation for 3 weeks and 
at cessation of immobilization 

Strength of recommendation: consensus 

16. We are unable to recommend whether 2 or 3 Kirschner wires 
should be used for distal radius fracture fixation 

Strength of recommendation: inconclusive 

17. We are unable to recommend for or against using the occurrence 
of distal radius fractures to predict future fragility fractures 
Strength of recommendation: inconclusive 

18. We are unable to recommend for or against concurrent surgical 
treatment of distal radioulnar joint instability in patients with 
operatively treated distal radius fractures 

Strength of recommendation: inconclusive 

19. We suggest that ail patients with distal radius fractures receive 
a postreduction true latéral x-ray of the carpus to assess DRUJ 
alignment 

Strength of recommendation: moderate 

20. In the absence of reliable evidence, it is the opinion of the work 
group that ail patients with distal radius fractures and unremitting 
pain during follow-up be reevaluated 

Strength of recommendation: consensus 

21. A home exercise program is an option for patients prescribed 
therapy after distal radius fracture 

Strength of recommendation: weak 

22. In the absence of reliable evidence, it is the opinion of the work 
group that patients perform active finger motion exercises 
following diagnosis of distal radius fractures 

Strength of recommendation: consensus 

23. We suggest that patients do not need to begin early wrist 
motion routinely following stable fracture fixation 
Strength of recommendation: moderate 

24. In order to limit complications when using external fixation, it 
is an option to limit the duration of fixation 

Strength of recommendation: weak 

25. We are unable to recommend against overdistraction of the 
wrist when using an external fixator 

Strength of recommendation: inconclusive 

26. We suggest adjuvant treatment of distal radius fractures with 
vitamin C for the prévention of disproportionate pain 
Strength of recommendation: moderate 

27. Ultrasound and/or ice are options for adjuvant treatment of distal 
radius fractures 

Strength of recommendation: weak 

28. We are unable to recommend for or against fixation of ulnar 
styloid fractures associated with distal radius fractures 
Strength of recommendation: inconclusive 

29. We are unable to recommend for or against using external 
fixation alone for the management of distal radius fractures where 
there is depressed lunate fossa or 4-part fracture (sagittal split) 
Strength of recommendation: inconclusive 


INTRAFOCAL PINNING (KAPANDJI TECHNIQUE) 

Intrafocal percutaneous pinning of the distal radius was 
described by Kapandji using 0.062-in K-wires. 26 Under 
fluoroscopy the K-wires are driven into the radial styloid 
fracture site to restore radial inclination and the dorsal 


fracture line to restore the palmar tilt. The pins are levered to 
correct the deformity and then redirected proximally before 
advancing them across the opposite cortex in both the pos- 
teroanterior and latéral planes. Three to 4 pins are used and 
the wrist is immobilized in a short arm cast for 6 weeks, or an 
external fixator is used as described above. 
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OUTCOMES 

There is no recent literature on this technique. One random- 
ized prospective study compared 50 patients with an extra- 
articular distal radial fractures that were treated by closed 
réduction and casting as compared with Kapandji pinning in 
48 patients. 27 At a mean folio w-up of 1 year using the Cooney 
score, 74% in the closed réduction and plaster cast group 
achieved an excellent to good resuit compared with 75% in 
the Kapandji pinning group. No statistically significant dif¬ 
férences could be found between the 2 groups in terms of 
maintenance of réduction and the functional outcome. 

Intramedullary Fixation 

INDICATIONS 

1. Unstable extra-articular DRFs that cannot be maintained 
with closed réduction 

2. Simple intra-articular fractures 

CONTRAINDICATIONS 

1. Complex intra-articular fractures 

2. Metaphyseal-diaphyseal comminution with proximal 
extension 

SURGICAL TECHNIQUE 

This will vary depending on the spécifie implant that is used, 
but the surgical approach shares common features. A closed 
réduction of the fracture is performed and held with percu- 
taneous K-wires through the styloid and dorsally between 
the fourth and fifth extensor compartments. A 3-cm mid- 
line longitudinal incision is made centered over the tip of 
the radial styloid. Branches of the SRN are identified and 
mobilized. The periosteum between the first and second 
dorsal extensor tendons is elevated and a cortical window 
is made using an awl under fluoroscopie control, approxi- 
mately 5 mm proximal to the tip of the styloid, to prevent 
pénétration of the articular surface. A small canal finder is 
inserted into the intramedullary canal along the radial cor¬ 
tex. Progressively larger broaches are inserted and advanced 
across the fracture site. The implant is mounted on the exter- 
nal jig and gently inserted aiming medially so that no part of 
the nail is protruding above the radial cortex until the distal 
locking screw is just underneath the subchondral bone. The 
distal locking screws are inserted into the nail, taking care to 
avoid penetrating the sigmoid notch. Any fine-tuning of the 
fracture position is performed followed by insertion of the 
proximal locking screws through small incisions. 

OUTCOMES 

There are a few published studies using this type of device. 
Nishiwaki et al reviewed 31 patients with a mean âge of 67 years 
(range, 51-85 years) with 1 AO type A2, 24 type A3, and 4 type 


C2 distal radial fractures. At a 1 -year folio w-up the active range 
of motion of the injured wrist relative to that on the uninjured 
side averaged 95% of flexion, 95% of extension, 93% of ulnar 
déviation, 91% of radial déviation, 99% of pronation, and 99% 
of supination. The mean grip strength was 96% of that on the 
uninjured side. According to the modified Mayo wrist score, 
there were 20 excellent and 9 good results. The mean DASH 
score was 4.8 points. The average radial inclination was 25°, 
volar tilt 11°, radial length 10 mm, and the ulnar variance was 
+1 mm. A loss of réduction occurred in 2 patients. 28 

External Fixation 

LIGAMENTOTAXIS 

External fixation of DRFs may be used in a bridging or 
nonbridging manner. Bridging external fixation of DRFs 
typically relies on ligamentotaxis to both obtain and main- 
tain a réduction of the fracture fragments. As longitudinal 
traction is applied to the carpus, the tension is transmitted 
mostly through the radioscaphocapitate and long radiolu- 
nate ligaments to restore the radial length. In a similar vein, 
pronation of the carpus can indirectly correct the supina¬ 
tion deformity of the distal fragment. Ligamentotaxis has a 
number of shortcomings when applied to the treatment of 
displaced intra-articular fractures. Since ligaments exhibit 
viscoelastic behavior, there is a graduai loss of the initial 
distraction force applied to the fracture site through stress 
relaxation (Fig. 26-5A and B). The immédiate improve- 
ment in radial height, inclination, and volar tilt is signifi- 
cantly decreased by the time of flxator removal. In a sériés 
of 70 cases, Dicpinigaitis et al observed a loss of réduction of 
volar tilt for up to 6 months after external fixation in 34 of 
the patients, despite the use of adjuvant pinning. 29 The ini¬ 
tial deformity, patient âge, use of bone graft, and duration 
of external fixation were not predictors of loss of réduction. 

Traction does not correct the dorsal tilt of the distal frac¬ 
ture fragment. This is because the stout volar radiocarpal liga¬ 
ments are shorter and theypull out to length before the thinner 
dorsal radiocarpal ligaments exert any traction. 30 Excessive 
traction may actually increase the dorsal tilt. A dorsally 
directed vector is still necessary to restore the normal volar 
angulation. This is usually accomplished by applying manual 
thumb pressure over the dorsum of the distal fragment. With 
intra-articular fractures, ligamentotaxis reduces the radial sty¬ 
loid fragment, but for the above reasons it does not reduce a 
depressed lunate fragment. When there is a sagittal split of the 
médial fragment, traction causes the volar médial fragment to 
rotate that often nécessitâtes an open réduction (Fig. 26-6A 
and B). External fixation cannot control radial translation and 
cannot be used with an unstable DRUJ. 

BIOMECHANICAL CONSIDERATIONS 
FOR EXTERNAL FIXATION 

Increasing the rigidity of the fixator does not appreciably 
increase the rigidity of fixation of the individual fracture 


338 


Section III Distal Radius 



FIGURE 26-5 A. Initial réduction of a comminuted intra-articular distal radius fracture. Note the amount of carpal distraction. B. Marked radial 
shortening at 6 weeks in the fixator due to stress relaxation. 


fragments. 12 There are a number of ways, however, in which 
to augment the stability of the construct. After restoration 
of radial length and alignment by the external fixator, per- 
cutaneous pin fixation can lock in the radial styloid buttress 
and support the lunate fossa fragment. 31 A fifth radial styloid 
pin attached to the frame of a spanning AO (Synthes, Paoli, 
Pennsylvania) external fixator prevents a loss of radial length 
through settling. 32 The addition of a dorsal pin attached to a 
sidebar easily corrects the dorsal tilt found in many DRFs. 
K-wire fixation enhances the stability of external fixation. 
Supplémentai K-wire fixation is more critical to the fracture 
fixation than the mechanical rigidity of the external fixator 
itself. Stabilizing a fracture fragment with a nontransfixing 
K-wire that is attached to an outrigger is just as effective as a 
K-wire that transfixes the fracture fragments. 12 

BRIDGING EXTERNAL FIXATION 

As compared with conventional plate fixation, bridging 
external fixation may be used in a temporary manner or it 
may be used for definitive management of the DRF. If there 
is difficulty regaining supination, Hanel and coworkers rec- 
ommend immobilizing the patient in a long arm splint in 
supination in-between wrist motion exercises. 33 The fixator 
is typically removed in the office at 6 weeks. 


TEMPORARY EXTERNAL FIXATION: INDICATIONS 

1. Initial management of severe grade open fractures with 
extensive soft tissue loss 

2. Temporizing measure to resuscitate a polytraumatized 
patient 

3. Pending transfer to a tertiary referral facility for defini¬ 
tive fracture management 

4. For complex fractures to both aid in the provisional frac¬ 
ture réduction and allow a better CT évaluation of the 
fracture characteristics prior to double-plate fixation 

DEFINITIVE EXTERNAL FIXATION: INDICATIONS 

1. Unstable extra-articular DRFs 

2. Two-part and selected 3-part intra-articular fractures 
without displacement 

3. Combined internai and external fixation 

CONTRAINDICATIONS 

Bridging external fixation should not be used as the sole 

method of stabilization in the folio wing situations: 

1. Ulnar translocation due to an unstable DRUJ 

2. Intra-articularvolar shear f ractures (Barton, reverse Barton) 
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FIGURE 26-6 Four-part intra-articular fracture. A. Anteroposterior 
view reveals restoration of the radial height and apparent congruency 
of the joint with ligamentotaxis. B. Close-up of a latéral view reveals 
the sagittal split and increased rotation of the palmar médial fragment 
(outlines). 


3. Disruptedvolar carpal ligaments/radiocarpal dislocations 

4. Marked metaphyseal comminution 

5. Combined index and middle finger metacarpal fractures 

due to the interférence with distal pin site placement 

SURGICAL TECHNIQUE 

Open pin insertion is necessary to prevent cutaneous nerve 
and tendon in jury. When inserting the dorsal pins, it is impor¬ 
tant to engage the volar ulnar lip of the distal radius where the 
bone density is highest, especially in ostéopénie bone. 

The proximal pins are placed at the junction of the proxi¬ 
mal and middle thirds of the radius. At this level the radius 
is covered by the tendons of extensor carpi radialis longus 
(ECRL) and extensor carpi radialis brevis (ECRB) as well 
as the extensor digitorum communis (EDC). The proximal 
pins can be inserted in the standard midlateral position by 
retracting the BR tendon and the SRN, in the dorsoradial 
position between the ECRL and ECRB, or dorsally between 
the ECRB and EDC, which carries less risk of injury to 
the SRN. 

COMPLICATIONS 

Fixator loosening with loss of fracture position can be 
avoided by periodically checking and tightening the fix¬ 
ator connections. Fixator failure by itself is uncommon, 
but many commercially available fixators are approved for 
single use only due to the risk of unrecognized material 
fatigue or failure of any locking bail joints. Pin site compli¬ 
cations include infection, loosening, and interférence with 
extensor tendon gliding. The risk of in jury to branches of 
the SRN mandates open pin site insertion. Bad outcomes 
associated with external fixation are often related to over- 
distraction. One biomechanical study documented the 
effect of distraction of the wrist on metacarpophalangeal 
(MCP) joint motion. More than 5 mm of wrist distraction 
increases the load required for the flexor digitorum subli- 
mus (FDS) to generate MCP joint flexion for the middle, 
ring, and small fingers. For the index finger, however, as 
much as 2 mm of wrist distraction significantly increases 
the load required for flexion at the MCP joint. 34 Many cases 
of intrinsic tightness and finger stiffness that are attrib- 
uted to reflex sympathetic dystrophy are a conséquence of 
prolonged and excessive traction that can be prevented by 
limiting the duration and amount of traction and institut- 
ing early dynamic MP flexion splinting even while in the 
fixator (Fig. 26-7). 

The degree and duration of distraction correlates with 
the amount of subséquent wrist stiffness. 35 Distraction, 
flexion, and locked ulnar déviation of the external fix¬ 
ator encourage pronation contractures. Distraction also 
increases the carpal canal pressure, which may prédisposé 
to acute carpal tunnel syndrome. 36 Metaphyseal defects 
should be grafted to diminish bending loads and to allow 
fixator removal after 6 weeks that minimizes the fixator- 
related complications. 
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FIGURE 26-7 Dynamic MP flexion splinting in combination with 
external fixation. 


Augmented External Fixation 

The use of supplémentai K-wire fixation can expand the indi¬ 
cations for external fixation. As noted above, K-wire fixation 
not only enhances the réduction of the fracture fragments 
but also increases the rigidity of the entire construct. Many 
authors hâve stressed the importance of using the external fix- 
ator as a neutralization device rather than a traction device. 
Ligamentotaxis is used to obtain a réduction of t he fracture 
fragments, which is then captured with percutaneous K-wire 
fixation. The traction on the f ixator can then be reduced, which 
allows positioning of the wrist in neutral or slight extension. 
This serves to reduce extensor tendon tightness and facilitâtes 
finger motion. In 4-part fractures where there is a sagittal split 
of the médial fragment, longitudinal traction accentuâtes the 
palmar translation and rotation of the volar médial fragment. 
Dorsal to volar K-wire placement carries the risk of in jury to 
the volar neurovascular bundles especially with K-wire migra¬ 
tion. For these reasons any sagittal split of the articular surface 
typically requires open treatment (Fig. 26-8A-C). 

INDICATIONS 

1. Intra-articular radial styloid fractures 37 

2. Three 3-part intra-articular fractures 

3. Following percutaneous réduction of a depressed lunate 
fragment 

4. Arthroscopic-aided réduction of DRFs 

CONTRAINDICATIONS 

1. Marked metaphyseal comminution 

2. Volar/dorsal intra-articular shear fractures 

Nonbridging External Fixation 

Nonbridging fixation does not rely on ligamentotaxis and 
it allows early wrist motion. Newer fixator designs hâve 
expanded the application of this technique. 38 




FIGURE 26-8 A. Improper application of an external fixator with 
marked wrist flexion. B. Proper fixator application with wrist in neutral 
and adjuvant pinning to maintain the fracture réduction. C. ORIF of 
the volar médial fragments combined with bridging external fixation. 
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INDICATIONS 

1. Redisplaced extra-articular fractures foliowing an ini- 
tially acceptable closed réduction 

2. Fractures with >2 mm of radial shortening and >15° of 
dorsal tilt following a closed réduction, especially if there 
is comminution of 2 or more cortices 43 

3. Selected cases of undisplaced or reducible 2- and 3-part 
intra-articular fractures of the distal radius provided 
there is good bone density and a stable DRUJ 

CONTRAINDICATIONS 

1. When the distal fragment is too small for pin placement. 
At least 1 cm of intact volar cortex is required for pin 
purchase. 

2. Volar shear fractures. 

3. In children with open epiphyses. 

SURGICAL TECHNIQUE 

The technique is similar to bridging external fixation, with 
the use of a tourniquet and intraoperative f luoroscopy. I pre- 
fer to use a custom external fixator with a dorsal outrigger 
(Fig. 26-9A-J), although an AO delta frame external fixator 
(Mathys Medical Ltd, Bettlach, Switzerland) can be applied in 
a non bridging manner as described by Gradl et al. 39 Two dor¬ 
sal 3.0-mm pins are inserted in the distal fragment through 
separate longitudinal incisions. The pins can be placed on 
either side of Listers tubercle or the EPL tendon, as well as 
between the EDC and the extensor digit minimi (EDM). The 
starting position of the pin should be approximately halfway 
between the fracture and the radiocarpal joint. A tempo- 
rary K-wire can be used to gauge the proper angle. The first 
pin is inserted through Lister’s tubercle parallel to the joint 
surface in the latéral plane until it engages the volar cortex. 
The second dorsal pin is inserted in a similar manner but 
on the ulnar side of the EPL or EDC tendons. The dorsal 
tilt is corrected by levering the pins distally until the normal 
volar inclination has been restored. The fixator frame is then 
applied and tightened. 

In the case of intra-articular fractures the radial styloid 
fragment is reduced with ligamentotaxis using a traction 
tower under fluoroscopie control. An arthroscopic-aided 
réduction can be performed at this time (Fig. 26-10A-I). Any 
excessive supination or radial translation of the distal frag¬ 
ment is corrected prior to pin insertion. The styloid may be 
held with a provisional 0.062-in K-wire. An oblique 3.0-mm 
pin is then hand drilled at approximately 45° angle from the 
tip of the radial styloid across the fracture site to engage the 
ulnar cortex of the proximal fragment. The pin is fastened to 
a single pin clamp attached to the distal fixator arm. A more 
proximal pin clamp is used as a drill guide for insertion of a 
horizontal styloid pin to both fixate and provide subchondral 
support for the lunate fragment. The K-wire can be removed 
or left in place for added support as necessary. Next 2 proxi¬ 
mal pins are inserted in the midradius using the double pin 


clamp as a drill guide. The dorsal tilt can be corrected by 
using a Freer elevator inserted percutaneously in the fracture 
site after the radial styloid réduction. Two dorsal 3.0-mm 
pins are inserted in the distal fragment through separate 
longitudinal incisions as described for the extra-articular 



FIGURE 26-9 Nonbridging external fixation. A. AP CT view of a dis- 
placed 3-part distal radius fracture. B. Latéral CT scan shows the sagit¬ 
tal split of the médial fragment. C. Axial CT scan shows disruption of 
the sigmoid notch. 
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FIGURE 26-9 ( Continued) D. Application of a nonbridgingexternal fixator. E. Réduction of sagittal split. F. Clinical appearance. G and H. CT 
show the anatomie reconstruction of the joint space. 
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FIGURE 26-9 ( Continued) I and J. Anteroposterior and latéral view at 4 months. 


fractures. The first 3.0-mm pin is inserted through Lister s 
tubercle parallel to the joint surface in the latéral plane until 
it engages the volar cortex. The dorsal sidearm is positioned 
parallel to the joint space. A single pin clamp attached to 
the dorsal sidearm is fastened to this pin, and then both are 
locked in place. After the 2 proximal pins are inserted in the 
midradius, a distractor unit is used to lengthen the fixator 
until the volar tilt of the articular surface has been restored. 
An additional dorsal pin is inserted on the ulnar side of the 
EPL or EDC tendons using the second single pin clamp on 
the outrigger bar as a drill guide. The radial styloid pins are 
then inserted. 

COMPLICATIONS 

The immédiate complications include injury to branches of 
the SRN or dorsal cutaneous branches of the ulnar nerve. 
Loss of fixation due to poor pin placement or interférence 
with extensor tendon gliding can be minimized by careful 
technique and open rather than percutaneous pin inser¬ 
tion. Pin pullout due to fracture of the distal fragment can 
occur if the distal fragment is too small or ostéopénie, or if 


the réduction is too vigorous. If this occurs, the fixator can 
be converted to a bridging construct. An incomplète réduc¬ 
tion is also possible, especially with nascent malunions. 
The use of many standard external fixator frames applied 
in a nonbridging manner can resuit in articular incongru- 
ity. Overreduction of the fracture can also occur, especially 
when there is volar comminution. Late collapse after fixator 
removal can occur in ostéopénie bone that often requires 
subchondral support beyond the 6 weeks of fixator appli¬ 
cation. Due to the risk of late collapse, adjuvant inter¬ 
nai fixation with locking plates is advised in elderly and 
ostéopénie patients since fracture site settling may occur 
for up to 6 months. 29 

COMBINED FIXATION 

Combined fixation can be performed with the fixator applied 
in either a bridging or a nonbridging mode. Joint bridging 
fixation is indicated when there is central comminution to 
help unload the articular fragments, but it can also be used 
to obtain the réduction and regain radial length in ostéopé¬ 
nie bone or in fractures that are more than 4 weeks old, to 
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FIGURE 26-10 Arthroscopic réduction and nonbridging external fix¬ 
ation. A and B. CT scan of a comminuted intra-articular distal radius 
fracture. C. Arthroscopic view of joint surface shows the degree of com- 
minution. D. Congruent joint surface after arthroscopic r eduction and 
pinning. E. Percutaneous réduction of dorsal tilt. 
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minimize the levering of the articular fragments that can 
lead to further comminution. 

OUTCOMES 

Harley and coauthors reviewed 50 patients younger than 
65 years of âge with mostly AO-ASIF C2 and C3 DRFs who 
were randomized to treatment with percutaneous pinning and 






FIGURE 26-10 ( Continued) F. Fluoroscopie appearance after réduc¬ 
tion and pinning. G. Application of nonbridging external fixator. 
H. Resuit at 6 months with restored radial height and tilt. I. Congruent 
joint space with neutral latéral tilt. 


casting or augmented external fixation. 36 They found that the 
use of augmented external fixation did not improve the mean 
radial length, radial angulation, or volar tilt. There were no sig- 
nificant différences in the mean DASH scores, total range of 
motion, or grip strength. Kreder et al compared the results of 
open réduction and internai fixation (ORIF) versus external fix¬ 
ation and pinning. 33 A total of 179 adult patients with displaced 
intra-articular fractures of the distal radius were randomized to 
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receive indirect percutaneous réduction and external fixation 
(n = 88) or ORIF (n = 91). There was no statistically signifi- 
cant différence in the radiological restoration of anatomie fea- 
tures or the range of movement between the groups at 2 years. 
The patients who underwent indirect réduction and percuta¬ 
neous fixation however had a more rapid return of function 
and a better functional outcome than those who underwent 
ORIF, provided that the intra-articular step and gap deformity 
were minimized. Margaliot et al performed a meta-analysis of 
46 articles with 28 (917 patients) external fixation studies and 
18 (603 patients) internai fixation studies. They did not detect 
a clinically or statistically significant différence in pooled grip 
strength, wrist range of motion, radiographie alignment, pain, 
and physician-rated outcomes between the 2 treatment arms. 
There were higher rates of infection, hardware failure, and 
neuritis with external fixation and higher rates of tendon com¬ 
plications and early hardware removal with internai fixation. 
Considérable heterogeneity was présent in ail of the studies that 
adversely affected the précision of the meta-analysis. 

With regards to nonbridging external fixation, Gradl et al 
exami ned 25 consecutive patients with fractures of the distal 
radius who were treated with nonbridging external fixation 
for 6 weeks. 39 The stepwise surgical technique comprised a 
preliminary joint bridging construction for réduction, inser¬ 
tion of 3 to 4 K-wires in the distal fragment that were attached 
to a dorsal outrigger bar parallel to the fracture line, and lastly 
the removal of the joint bridging part. At a 2-year foliow-up 
ail fractures united with an average palmar tilt of 0° and an 
articular step-off of <2 mm. A loss of radial length occurred 
in 4 patients where only 3 K-wires were inserted in the dis¬ 
tal fragment. No radial shortening was seen in fractures with 
4 K-wires inserted in the distal fragment. The average wrist 
extension was 55° and flexion of 64° without significant différ¬ 
ences between extra- and intra-articular fractures. McQueen 
performed a prospective study of 641 patients with unstable 
fractures of the distal radius treated with external fixation. 
Fifty-nine percent of these cases were treated with nonbridg¬ 
ing external fixation, mostly in AO type A3.2 and C2.1 frac¬ 
tures. Patients treated with nonbridging external fixation had 
statistically significant better radiological results throughout 
the period of review. In particular, this technique consistently 
restored the volar tilt and carpal alignment. Radiological 
improvement was mirrored by functional improvement. 
Most functional indices were statistically better at an early 
stage, whereas wrist flexion and grip strength remained sig- 
nificantly better at the final review. Complication rates were 
similar between the 2 groups. 40 In a follow-up study of 546 of 
these patients it was noted that fractures treated with bridging 
external fixation had a 6 times increased risk of dorsal mal¬ 
union (P <.001) and a 2.5 times increased risk of radial short¬ 
ening (P<.001) comparedwith nonbridging techniques. 41 


Plate Fixation 

The advent of locking plate technology has révolutionized 
the treatment of DRFs, especially in ostéopénie bone. The 


anatomy of the fracture will dictate whether a volar or dorsal 
or combined approach is necessary. It is the surgeons discré¬ 
tion as to whether a locking volar plate or fragment-specific 
plates are used. Rather than advocating a spécifie implant, 
the general principles for réduction and fixation of a DRF 
will be discussed. 

INDICATIONS 

1. Postreduction radial shortening >3 mm, dorsal tilt >10°, 
or intra-articular displacement or step-off >2 mm 

2. >2 mm of articular step-off or gap 

3. Volar/dorsal intra-articular shear fractures 

4. Three- and 4-part intra-articular fractures 

5. Marked metaphyseal comminution 

CONTRAINDICATIONS 

1. Very small radial column fragments 

2. Very distal volar fracture line (volar rim fractures), 
especially following radiocarpal fracture dislocation 

SURGICAL TECHNIQUE 

Dorsal Plating. Access to the dorsal aspect of the distal 
radius is required to address dorsal wall and ulnar cor¬ 
ner fragments, as well as impacted free articular fragments 
(Fig. 26-11 A-D). A longitudinal or S-shaped incision is made 
centered over Lister’s tubercle. The EPL is identified distally 
and traced proximally to the third dorsal compartment that 
is released. Cutaneous nerve branches are mobilized and 
protected. The extensor retinaculum can be released in a 
Z-fashion and used to provide plate coverage. The exten¬ 
sor tendons of the fourth compartment are then elevated off 
the dorsal capsule, or the compartment is opened to allow 
retraction of the tendons to the radial or ulnar side as neces¬ 
sary. A dorsal capsulotomy can be performed to evaluate the 
articular surface. It is useful to retract the thin dorsal cor¬ 
tical fragments in a book-like fashion to expose the articu¬ 
lar surface. A dental probe and Freer elevators are used to 
elevate and align the articular fragments, which are then held 
with subchondral 0.035- and 0.045-in Kirschner wires and 
supported with subchondral bone graft. The dorsal corti¬ 
cal fragments are pushed back down into place and 1 or two 
2.0-mm/2.4-mm low-profile dorsal locking plates are used 
to hold the réduction. Any retained K-wires can be eut and 
bent percutaneously or buried. The EPL and, if desired, t he 
extensor tendons are transposed dorsal to the retinaculum 
that is used for plate coverage. 

Volar Plating. The surgical approach is between the flexor 
carpi radialis (FCR) tendon and the radial artery, as popu- 
larized by Orbay and Fernandez. 42 A curved or longitudi¬ 
nal incision is made directly along the FCR tendon, which 
is then retracted ulnarly to protect the médian nerve. The 
incision can be extended distally along the border of the the- 
nar eminence after dividing the superficial communicating 
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FIGURE 26-11 A. Four-part intra-articular fracture. B. Latéral x-ray 
shows displacement of dorsal fragments. C. Application of 2.0-mm 
locking plates. D. Congruent joint réduction. 


branch of the radial artery to release the FCR attachments to 
the trapezium. The PQ muscle is released 1 to 2 mm beyond 
the distal margin of the muscular fibers through the fibrous 
tissue proximal to the volar capsular ligaments, which they 
hâve termed the intermediate fibrous zone. The PQ is then 
elevated subperiosteallyfrom the volar cortex, leaving a small 
cuff radially for reattachment if desired. The BR tendon, 
which is a major deforming force on the radial styloid frag¬ 
ment, is completely detached from the radial column along 
with release of the first dorsal compartment. Care is taken to 
avoid in jury to the tendons in the first dorsal compartment 
and branches of the SRN. A large key elevator can be hooked 
into the sigmoid notch and used to retract the flexor tendons 
ulnarly to gain access to the volar médial fragments. Fracture 



réduction should be meticulous, but an anatomie restoration 
of the metaphyseal fragments does not guarantee an ana¬ 
tomie réduction of the articular surface. If there is any doubt, 
a dorsal capsulotomy or an arthroscopic assessment of the 
articular surface is warranted (Fig. 26-12A-D). The edge of 
each fragment should be cleaned back to a sharp surface to 
facilitate cortical apposition. Forceful leverage of the fracture 
can cause further fragmentation and can be avoided by using 
temporary external fixation with a distractor. Large volar 
rim fragments can be stabilized with a locking volar plate, 
but smaller fragments hâve to be keyed in separately with 
small Kirschner wires before plate application. The fractured 
volar rim of the lunate fossa is found on the ulnar aspect of 
the distal radius and is critical for stability of the radiocarpal 
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FIGURE 26-12 A. Latéral view of a displaced volar Barton fracture 
(AO type B). B. Provision volar plate fixation with apparent anatomie 
restoration of articular surface. C. Arthroscopic view reveals a persis¬ 
tent radiocarpal step-off that was reduced. D. Volar plate application. 
Note the immédiate subchondral position of the distal screws. 


joint. Failure to control this fragment can resuit in volar dis¬ 
location of the carpus. Very distal fragments cannot be con- 
trolled with a plate and can be treated with screws, K-wires, 
or tension band fixation. In some cases a separate volar ulnar 
approach is necessary. A longitudinal incision is made along 
the ulnar edge of the flexor tendons. It can be extended dis- 
tally with release of the carpal tunnel (Fig. 26-13 A-E). The 
ulnar nerve and artery are identified deep to the flexor carpi 
ulnaris tendon. The flexor tendons are retracted radially to 
expose the volar rim of the distal radius and the DRUJ. The 
origin of the PQ muscle on the ulna is incised and reflected 
radially to expose the volar médial fragment. The volar rim 
fragment is stabilized first, followed by a dorsal approach to 
elevate the depressed fragments. Bone grafting and internai 
fixation with Kirschner wires or a dorsal buttress plate are 
added to stabilize the articular fragments (Fig. 26-14A-E). 


Orbay and Fernandez reported favorable outcomes with 
volar fixed-angle fixation of dorsally displaced DRFs. 42 They 
noted that the concave surface of the volar radius is limited 
distally by a transverse ridge or watershed line. Distal to the 
watershed line, the radius slopes in a dorsodistal direction 
and receives the proximal attachments of the volar wrist cap¬ 
sule and the volar capsular ligaments. This ridge lies approxi- 
mately 2 mm from the joint line on its ulnar aspect and 10 
to 15 mm on its radial aspect. They recommended that any 
implant should not project distal to the watershed line to 
avoid impingement and possibly rupture of the flexor ten¬ 
dons. In 1 cadaver study the contact pressure on the flexor 
pollicis longus significantly increased under loading when 
the distal plate edge was placed distal to the watershed line 
with the wrist in 30° and 60° of extension even when the 
fracture was anatomically reduced. 43 
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FIGURE 26-13 Extended carpal tunnel approach. A. AP view of 
a volar rim fracture. B. The small size of the distal fragment pre- 
cludes plate fixation. C. Extended carpal tunnel approach with 
retraction of the flexor tendons exposes the lunate fossa and volar 
médial fragment. D. Screw fixation of the displaced radial styloid 
and volar médial fragment. E. Latéral view demonstrates a congru¬ 
ent réduction of the articular surface. 

Orbay and coworkers described an intrafocal réduction 
technique where the proximal shaft is pronated out of the way 
after release of the BR tendon in order to access the dorsal 
aspect of the fracture. 44 This maneuver allows debridement 
of the fracture hematoma or callus and release of the dorsal 
fibrous tissue in order to regain radial length. It is helpful to 



insert the more ulnar screws perpendicular or even angled 
slightly proximal relative to the plate and then perform a 20° 
latéral x-ray to ensure there is no pénétration ofthe articular 
surface. The more radial screws are then inserted with the 
radial styloid screw angled distally toward the tip since the 
bulk of the styloid bone is dorsal and radial. Dorsomedial 
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fragments are often associated with a coronal plane split 
in the DRU J. They can be difficult to reduce from a volar 
approach and difficult to capture with a single peg through a 
volar implant. A small dorsal incision directly over the inter¬ 
val between the fourth and fifth extensor compartments can 
be used to aid in reducing this fragment, which can then be 



FIGURE 26-14 A. Comminuted intra-articular fracture in a 70-year- 
old ostéopénie patient. B. Fixation of the volar médial fragment with 
a 2.0-mm locking plate. C. Note that the screws only capture the volar 
médial rim. D. Individual fixation of radial styloid and dorsal médial 
fragment. 


captured with a volar locking screw inserted through the 
implant. It is prudent to undersize the locking screws by 2 to 
4 mm to preventpast pointing and extensor tendon impinge- 
ment, since the screw tip does not need to engage the dorsal 
cortex. Wall et al showed that locked unicortical distal s crews 
of at least 75% length produce construct stiffness similar to 
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FIGURE 26-14 ( Continued ) E. Oblique view demonstrates a congru¬ 
ent radiocarpal joint. 


bicortical fixation. 45 The screws should also be placed as 
subchondral as possible due to the fracture site settling that 
occurs. In a biomechanical study, Drobetz et al demonstrated 
that the rigidity of the plate construct is significantly higher 
in radiuses that the distal screws were placed close to the 
subchondral zone and that the amount of radial shortening 
after cyclic loading correlated significantly with the distance 
the distal screws were placed proximal to the subchondral 
zone. 46 Martineau et al performed a biomechanical évalua¬ 
tion of locking screw and locking smooth peg configurations 
following volar plate fixation of AO C3 intra-articular DRFs 
in 16 anatomie radius models. They found that constructs 
with subchondral locking screws inserted into the ulnar side 
of the lunate fragment were significantly stronger as opposed 
to smooth locking pegs. 47 

REDUCTION TECHNIQUES 

Ross and coworkers hâve described a number of réduction 
techniques that are applicable to volar locking plates. 48 The 
plate may be applied to the volar aspect of the radius in the 
desired position and temporarily f ixed to the proximal radial 
shaft with Kirschner wires. At least 1 distal screw is then 
inserted to achieve tangential subchondral support of the 
dorsal half of the articular surface but not locked. A drill can 


then be passed through an adjacent screw hole and used as 
a lever to correct the dorsal tilt, which is then maintained by 
locking the first screw. If fiirther correction is necessary, the 
plate can be secured distally first so that the shaft of the plate 
is elevated off the radius. A bone réduction clamp is then 
used to reduce the shaft of the plate to the shaft of the radius 
that corrects the dorsal angulation. A sagittal gap between 
the scaphoid and lunate fossae can be closed by manipu- 
lating the fragments with K-wires or drill guides inserted 
through the distal plate, which are then substituted by lock¬ 
ing screws. If there is a loss of radial angulation, then the 
plate may be applied with the proximal end directed ulnar- 
ward so that when the plate is realigned onto t he proximal 
shaft, the radial angulation will be corrected. Radial length 
can be restored by loosening the proximal screw in the slid- 
ing hole and pushing the plate distally, and then retightening. 

Radial translation must be corrected since this can affect 
the DRUJ and restrict forearm rotation. The proximal sliding 
hole screw is loosened slightly and forms a pivot point for 
the correction. A bear claw bone holder can then be posi- 
tioned with 1 limb over the ulnar border of the radius j ust 
proximal to the fracture line and 1 limb over the radial side 
of the plate or through 1 of the holes on the plate. When the 
clamp is tightened, progressive ulnar translation of the dis¬ 
tal fragment will occur using the proximal screw as a pivot 
point. Once satisfactory translation has been achieved, the 
proximal screw is tightened. 

Benson and Medoff 49 described a radial palmar approach 
for application of a radial styloid implant (Fig. 26-15A-D). 
Typically, a 7-cm linear incision is made starting at the radial 
styloid moving proximally, just radial to the radial puise. 
Longitudinal blunt dissection is carried out through the sub- 
cutaneous fat, and the numerous branches of the radial sen- 
sory nerve and the termination of the LABCN are identified 
and retracted. The first extensor compartment is next iden¬ 
tified and released to mobilize the abductor pollicis longus 
and extensor pollicis brevis tendons either dorsally or pal- 
marlyfor exposure of the fracture segments, and to expose 
the BR tendon, which is divided. The extensor pollicis brevis 
usually has a separate subsheath that can be released. They 
recommend leaving the last centimeter of the first extensor 
compartment sheath intact to reduce the likelihood of ten¬ 
don subluxation postoperatively. The plane of dissection is 
volar to the radial artery, first extensor compartment, and 
radial sensory branches. 

OUTCOMES 

Volar plate fixation can ensure an anatomie réduction as 
compared with casting, but this does not necessarily cor- 
relate with patient-rated outcomes in older âge groups. In 
1 prospective study, 73 patients aged 65 years of âge or older 
with displaced and unstable distal radial fracture were ran- 
domized to ORIF with a volar locking plate ( n = 36) or closed 
réduction and cast immobilization (n = 37). 50 Grip strength, 
dorsal radial tilt, radial inclination, and radial shortening 
were ail significantly better in the operative treatment group 
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FIGURE 26-15 A. Radiocarpal dislocation. B. Note the small radial 
styloid fragment. C. Radial plate application with reattachment of volar 
ligaments. D. Note the position of the plate along the radial column. 


at 1 year (P <.05). There were however no significant différ¬ 
ences between the groups in terms of the range of motion, 
pain levels, PRWE, and DASH scores at 1 year. The number 
of complications was significantly higher in the operative 
treatment group (13 compared with 5, Pc.05). 


Chou et al reviewed the results of 41 patients who under- 
went internai fixation of AO C3 fractures with 2.4-mm tita¬ 
nium locking plates. Patients in group 1 (n = 22) were treated 
with dorsal locking plates, and those in group 2 {n = 19) with 
volar locking plates. No significant différence was noted 
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between the 2 groups in terms of radial inclination, volar tilt, 
and ulnar variance, and wrist motion at 1 year. 51 

Chung et al reviewed 55 patients with DRFs treated 
with volar locked plates, who were divided into 2 age-based 
cohorts consisting of 20 to 40 years of âge (30 patients) and 
>60 years (25 patients). 52 In the young âge group there were 
11 type A, 5 type B, and 14 type C fractures as compared with 
the older âge group with 13 type A, 3 type B, and 9 type C 
fractures. At the 1-year foliow-up there was no statistically 
significant différence in the Michigan Hand Questionnaire 
scores, Jebsen-Taylor test, or grip strengths. There were 
5 complications in each group. 

Grewal et al randomized 53 patients with DRFs who failed 
closed réduction and casting to ORIF with dorsal pi plates 
(n = 9) or volar locked plates (n = 18) versus external fixa¬ 
tion and percutaneous pinning ( n = 26). 53 The groups were 
comparable except that the PRWE detected higher pain and 
disability with external fixation before surgery that may hâve 
indicated a more severe initial injury. At the 1-year folio w-up 
the PRWE scores were significantly lower for patients treated 
with ORIF compared with those with external fixation, with 
the best outcomes observed with volar locking plates. There 
were no significant différences in the DASH scores, ROM, or 
grip strengths. 

Jupiter and Marent-Huber conducted a multicenter pro¬ 
spective study of 150 patients with a mean âge of 51 years 
with DRFs stabilized with 2.4-mm locking plates. Of these, 
102 had AO type C intra-articular fractures. There was 
a <2-mm step-off in 20 patients, and a >2-mm step-off in 
5 patients. A loss of réduction occurred in 2 patients. Twenty- 
seven percent of the patients showed an increase of at least 

1 grade in radiographie signs of arthritis at 2 years. The mean 
Gartland and Werley score improved significantly from 
4 points at 6 months to 2 points at 2 years. The mean DASH 
score changed from a preinjury baseline of 2 to 7 points at 

2 years (P <.0001). 54 

Bone Graft and Bone Substitutes 

The standard teaching has been to bone graft any areas of 
metaphyseal comminution. This notion has been recently 
challenged and is largely surgeon preference. Myriad bone 
graft substitutes are used with increasing frequency, but 
evidence medicine is lacking to support their use. Handoll 
and Watts performed a Cochrane database search on the 
use of bone grafts and substitutes in DRFs. 55 Ten hetero- 
geneous trials involving 874 adults with generally unstable 
fractures were grouped into 6 comparisons. Four trials 
(239 participants) found that the implantation of autogenous 
bone graft (1 trial), Norian SRS (calcium sulfate bone sub- 
stitute—2 trials), and methyl méthacrylate cernent (1 trial) 
improved the anatomie outcomes compared with plaster 
cast alone; and 2 found it improved function. One trial 
(323 participants) comparing Norian SRS versus plaster cast 
or external fixation found no différence in functional or 
anatomie outcomes at 1 year. One trial (48 participants with 
external fixation) found that autogenous bone graft did not 


significantly change the outcome. One trial (93 participants 
with dorsal plate fixation) found autografts slightly improved 
wrist function compared with allogeneic bone material 
but with an excess of donor-site complications. The authors 
concluded that bone scaffolding materials may improve t he 
anatomie outcome compared with plaster cast alone, but 
there was otherwise insufficient evidence to draw any other 
conclusions. The AAOS distal radius work group came to 
similar conclusions. They were unable to recommend for 
or against the use of supplémentai bone grafts or substitutes 
when using locking plates, or for filling of a bone void as an 
adjunct to other operative treatments (Table 26-3). 24 

COMPLICATIONS 

There are myriad potential complications. Finger a nd thumb 
flexor tendon ruptures hâve been reported, especially with 
distal plate placement. The extensor tendon and especially 
the EPL are prone to irritation or rupture due to past point - 
ing of the distal screws following locked volar plate applica¬ 
tion. Loss of fixation of the volar lunate fa cet fragment is 
a disastrous complication that may require repeat surgery 
and can lead to persistent volar subluxation of the carpus. 44 
This can also occur with subsidence of dorsoulnar frag¬ 
ments. Subsidence is common in ostéopénie bone, which 
highlights the need to place the distal screws in a subehon- 
dral position. 

One recent study compared the complication rates in 
100 patients with 104 DRFs treated with low-profile dorsal 
nonlocking plates (n = 57) or volar locking plates (n = 47). 56 
The mean âge for the dorsal group was 51 years (range, 
19-85 years) and mean âge for the volar group was 56 years 
(range, 19-84 years). Of the fracture types, there were 22 AO 
type A fractures, 2 type B fractures, and 33 type C fractures 
in the dorsal plating group as compared with 5 AO type 
A fractures, 10 type B fractures, and 32 type C fractures 
in the volar plating group. At a mean follow-up by phone 
interview of 44 ± 21 months 18 patients (8 dorsal, 10 volar) 
experienced complications. In the dorsal plate group there 
were 1 failure of réduction, 6 patients with hardware discom- 
fort, and 3 patients with tendon irritation, which required 
plate removal in 3 cases and screw removal in 3 cases, but 
no cases of neuropathy. In the volar plate group there were 
1 failure of réduction, 7 patients with plate removal for 
hardware discomfort, and 1 case of an FPL tendon rupture. 
There were 3 cases of a médian nerve palsy treated with a 
carpal tunnel release and 1 case of ulnar nerve palsy treated 
with a neurolysis. There were no significant différences 
in the rate of complications with respect to âge and plate 
location. 

Distraction Plating 

INDICATIONS 

High-energy fractures of the distal radius with extensive 
metaphyseal comminution can be difficult to treat by con- 
ventional methods. Hanel et al described the use of this 
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technique in polytraumatized patients in order to allow 
immédiate weight bearing through the injured wrist to assist 
with mobilization. 57 

The bridge plate acts as an internai fixator and dépends 
on ligamentotaxis for fracture réduction (Fig. 26-16A-C). 
Since the original sériés the indications hâve been expanded 
to include the foliowing: 

1. Unstable DRFs associated with polytrauma to assist with 
weight bearing 

2. Bilateral DRFs with severe comminution extending into 
the diaphysis 

3. Combined complex injuries requiring extensive soft tis- 
sue and bony reconstruction 

CONTRAINDICATIONS 

1. Active infection 

2. Inadéquate soft tissue coverage 

3. Circulatory instability precluding the administration of 
general or régional block anesthésia 


SURGICAL TECHNIQUE 

A 4-cm longitudinal incision is first made over the dorsal 
aspect of the middle finger metacarpal with retraction of 
the extensor tendon mechanism. A 2.7-mm Synthes locking 
bridge plate or 2.4-mm Synthes mandibular plate (Synthes, 
Inc, West Chester, Pennsylvania) is placed over the skin. 
Fluoroscopie imaging is used to détermine the placement 
of the second incision, which is made over the dorsoradial 
aspect of the proximal radius, at least 4 cm proximal to the 
most proximal extent of the fracture line, to allow for place¬ 
ment of at least 3 cortical screws. The dissection is carried 
down to the shaft, adjacent to the BR, taking care to protect 
branches of the SRN. A third incision is made, centered over 
Lister’s tubercle, and the EPL tendon is retracted. A scalpel 
is used to develop the plane between the fourth dorsal com- 
partment of the extensor tendons and the dorsal periosteum 
and joint capsule. The plate is then passed in a rétrogradé 
fashion from the distal wound along the floor of the fin¬ 
ger extensor tendons to the middle finger metacarpal. The 
fracture is provisionally reduced with traction, followed by 



FIGURE 26-16 A. Markedly comminuted fracture of the radius and ulna. B. Distraction plating with adjuvant pin fixation of a lunate fracture, 
SL ligament injury, and ORIF of the ulnar. 
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FIGURE 26-16 ( Continued ) C. Maintenance of radial height and 
articular surface after bridge plate removal. 


centering the plate over the middle finger metacarpal dis- 
tally and the radial shaft proximally. The plate is secured to 
the metacarpal distally with a single screw. Traction is reap- 
plied followed by fixation with cortical screws proximally. 
Radiocarpal séparation of >5 mm is avoided to prevent 
overdistraction. Supplémentai fixation of articular frag¬ 
ments with Kirschner wires and small screws can be added 
(Fig. 26-16A-C). In addition, a 3.5-mm screw placed into the 
subchondral bone beneath the lunate fossa may help prevent 
collapse. Alternatively, the plate can be applied to the index 
finger metacarpal with passage of the plate through the floor 
of the second dorsal compartment in a rétrogradé fashion. 

COMPLICATIONS 

In a rétrospective study of 144 fractures, Hanel et al reported 
wound healing complications in 2, hardware failure in 5, 
2 malunions, 2 nonunions, 2 infections, 1 EPL rupture, and 
2 extensor tendon adhesions requiring a tenolysis. 58 


with a mean radial inclination of 20°, a mean palmar tilt of 
5°, and a mean positive ulnar variance of 0.6 mm. The mean 
values for wrist motion included 46° flexion, 50° extension, 
79° pronation, and 77° supination. The mean DASH score 
was 32. Ruch et al treated 22 with a distraction plate for a 
comminuted distal radial fracture using a 3.5-mm ASIF 
plate. 59 The articular surface was anatomically reduced and 
was secured with Kirschner wires or screws and 11 122 were 
bone grafted. The plate was removed after fracture heal¬ 
ing at an average of 124 days with an average palmar tilt of 
4.6°, an average ulnar variance of 0°, and an average radial 
shortening of 2 mm. Wrist flexion averaged 57°, extension 
65°, pronation 77°, and supination 76°. The average DASH 
score was 11.5 points at an average follow-up of 24.8 months. 
According to the Gartland-Werley rating System, there were 
14 excellent results, 6 good results, and 2 fair results. 


Distal Radioulnar Joint Instability 

DRUJ stability must be assessed as a part of the management 
of a DRF since this can adversely affect the outcomes. One 
CT study showed that persistent volar subluxation of the 
ulnar head restricted forearm pronation, whereas persistent 
dorsal subluxation restricted supination. 60 Loss of supination 
significantly impacts patient-rated outcomes. 61 Internai fixa¬ 
tion can often correct any initial DRUJ instability through 
the restoration of the bony anatomy. Persistent instabil¬ 
ity however can occur in a number of situations. Failure t o 
capture the dorsomedial fragment that makes up the dorsal 
margin of the sigmoid notch can resuit in dorsal subluxation 
of the carpus. This can also occur with volar radioulnar liga¬ 
ment avulsion. There hâve been numerous recent reports of 
good outcomes following nonoperative treatment of basi- 
styloid fractures when associated with a DRF, provided the 
DRUJ is stable. 62-64 A fracture through the base of the ulnar 
styloid with foveal detachment of the TFCC can occur. If the 
DRUJ is persistently unstable however following ORIF of the 
DRF, with noticeable clunking during forearm compression 
and passive rotation, then the ulnar styloid fracture should 
undergo internai fixation. DRUJ instability should also be 
suspected if there is inordinate difficulty in correcting the 
radial translation of the distal fragment since the lack of 
restraint by the foveal fibers combined with a loss of the sta- 
bilizing effect of the radioulnar ligaments attached to the dis- 
placed ulnar styloid allows radial translocation of the distal 
fragment (Fig. 26-17A-D). A 2-cm incision just volar to the 
ECU provides excellent exposure of the ulnar styloid, which 
lies dorsally with the forearm in pronation. The styloid frac¬ 
ture can be stabilized with 0.035-mm K-wires, supplemented 
by a 22-gauge tension band wire. Alternatively, the fracture 
can be repaired with a cannulated screw or a bone anchor. 


OUTCOMES 

Richard et al reported their results in 33 patients over 60 years 
of âge with comminuted DRFs treated with internai distrac¬ 
tion plating. At the final follow-up, ail fractures had healed 


Réhabilitation 

One must keep in mind that the soft tissue envelope greatly 
influences the final functional resuit, even though ail of the 
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FIGURE 26-17 DRF and DRUJ instability. A. Intra-articular fracture with central comminution a nd dépréssion. B. Laterahdewfollowing plate fixation 
showing a congruent radiocarpal articular surface. C. Persistent radial subluxation offracture (double arrow) with persistent ulnar styloid displacement 
(single arrow) and DRUJ “clunking” with forearm rotation. D. Tension band fixation of ulnar styloid corrects t he radial translation and DRUJ instability. 


initial attention may be focused on the fracture position. The 
inflammatory cascade that results in edema, pain, and joint 
stiffness must be treated aggressively and concomitantly 
with the bony in jury. 

Immédiate finger motion is crucial. One long-term out- 
come study of Colles fractures showed the only factors that 
influenced patient dissatisfaction at 10 years were loss of 
radial height and finger stiffness. 65 

EDEMA FLUID 

Simple hand edema is a collection of water and electrolytes. 
Inflammatory edema however consists of a highly viscous 
exudate that contains fibrinogen. In many instances the 
fibrin network is resorbed by about 7 to 10 days. Other times 
the fibrinogen is polymerized into fibrin, which becomes a 
lattice work for invading fibroblasts. The fibroblasts produce 
collagen, which, if the part is immobilized, forms a randomly 
oriented, dense interstitial scar that oblitérâtes the normal 
gliding surfaces. Edema restricts finger motion by increasing 


the moment arms of skin on the extensor side and by direct 
obstruction on the flexor side. The work needed to effect a 
joint angle change is dépendent on the product of the tis- 
sue pressure and the volumétrie change during angulation. 
This requires an increase in the muscular force that is neces- 
sary to bend a swollen finger. Compression, repeated finger 
flexion, and dynamic splinting redistribute this fluid to areas 
with lower tissue pressure. This allows the skin to lie doser 
to the joint axis, which decreases the effort needed for finger 
flexion. 

Treatment f or acute edema begins immediately with éléva¬ 
tion, ice, and Coban wrap to reduce finger edema. Subacute 
and chronic management techniques include active and pas¬ 
sive range of motion exercises, manual edema mobilization 
such as rétrogradé massage, and compression dressings and 
garments. Contrast baths, electrical stimulation, and t he use 
of a Jobst intermittent compression unit hâve also been used. 

To allow flexor tendons to glide to their maximum poten- 
tial, the 3 basic fist positions are performed as part of a ten¬ 
don gliding exercise program: straight fist, full fist, and hook 
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fist. Synergistic wrist and finger motion increases passive 
flexor tendon excursion by generating forces that pull the 
tendon through the pulley System. A finger réhabilitation 
protocol is outlined in Table 26-4. 11 

FRACTURE SITE STABILITY 

For the purposes of réhabilitation it is useful to consider the 
stability of the DRF site in 3 phases, consisting of low, inter- 
mediate, and high fracture site rigidity, which will in turn 
guide the therapist as to the loads that can be placed across 
the fracture site. 11 When internai or external fixation is used, 
the loads placed on the fracture site may be adjusted accord- 
ingly (Table 26-5). The following procedure-specific proto¬ 
col can be used as a general guide depending on the type of 
fixation: 

Cast treatment: 

Weeks 1 to 6: finger réhabilitation protocol 

Weeks 6 to 8 (after cast removal): phase I wrist exercises 

Weeks 8 to 10: phase II wrist exercise 

>10 weeks: phase III wrist exercises 

Intrafocal pinning. 

Weeks 1 to 6: finger réhabilitation protocol 
Weeks 6 to 8 (after pin removal): phase I exercises 
Weeks 8 to 10: phase II exercises 
>10 weeks: phase III wrist exercises 

Bridging external fixât or. 

Weeks 1 to 6: finger réhabilitation protocol 

Weeks 6 to 8 (after fixator removal): phase I wrist 

exercises 

Weeks 8 to 10: phase II wrist exercises 
>10 weeks: phase III wrist exercises 

Nonbridging external fixator: 

Weeks 1 to 6: finger réhabilitation protocol; phase I wrist 
exercises 

Weeks 6 to 10 (after fixator removal): phase II wrist 
exercises 

>10 weeks: phase III exercises 
Volar/dorsal plating: 

Weeks 1 to 4: finger réhabilitation protocol; phase I wrist 
exercises 

Weeks 4 to 8: phase II wrist exercises 
>8 weeks: phase III exercises 

Formai therapy however does not necessarily improve the 
average wrist motion or patient-related outcome scores. 
Souer et al studied the effect of formai occupational therapy 
6 months after volar plate fixation of DRFs versus patients 
who performed independent exercises. 66 At 6 months, there 
was a significant différence in mean wrist extension (55° vs 
62°), ulnar déviation (82% vs 93%), mean supination (84° 
vs 90°), mean grip strength (81% vs 92%), and mean Mayo 
score, in the patients who were prescribed independent exer¬ 
cises. There were no différences in the DASH score at any 
time point. 


Q TABLE 26-4: Finger Réhabilitation Protocol 


Days 1-7 

Individual passive and active finger and thumb motion 
Gentle active fmger flexion/extension 
Gentle active fmger PIP and DIP joint blocking 
Thumb opposition and flexion/extension exercises 
Intrinsic tightness stretching exercises 
Aggressive edema management 
Tendon gliding exercises 
Weeks 2-4 

Dynamic MCP flexion splint if passive MCP flexion <40° 
Dynamic PIP flexion splint if passive PIP flexion <60° 

Switch to PIP flexion strap after >80° of passive PIP flexion 
achieved 

Dynamic PIP and DIP flexion strap if passive DIP flexion <40° 
Intrinsic tendon tightness: dynamic PIP flexion splint with MCP 
blocked in full extension 

Extrinsic extensor tendon tightness: dynamic PIP/DIP flexion 
strap while in dynamic MCP flexion splint 
Extrinsic flexor tendon tightness: add static PIP/DIP extension 
splints while in dynamic MCP extension splint; incrementally 
increase wrist extension if wrist is cleared for motion 
Weeks 4-8 

Add static progressive PIP flexion splint at night if flexion is still <60° 
Add static progressive MCP flexion splint at night if flexion is 
still <40° 

Dynamic/static progressive PIP extension splint if PIP flexion 
contracture >30° 

Dynamic/static progressive MCP extension splint if MCP flexion 
contracture >30° 

Dynamic/static progressive thumb opposition splint if opposition 
>2 cm from fifth MCP joint 

For résistant cases, consider dynamic splinting 30-60 min 2 to 3 times 
per day, combined with static progressive splinting 4-8 h at night 
After week 8 

Home splinting until motion plateaus 


Q TABLE 26-5: Wrist Réhabilitation Protocol 


Phase I: low fracture site rigidity 

Custom or noncustom below-elbow splint 

Gentle active and passive wrist flexion/extension, radial/ulnar 
déviation, pronation/supination 
Phase II: intermediate fracture site rigidity 

Dynamic/static progressive wrist flexion splinting if passive wrist 
flexion <30° 

Dynamic/static progressive wrist extension splinting if passive 
wrist extension <30° 

Dynamic/static progressive supination splinting if passive 
supination <60° 

Dynamic static progressive pronation splinting if passive 
pronation <60° 

Incorporate light functional activities and light strengthening 
Phase III: high fracture site rigidity 

Progress strengthening exercises and functional activities as 
tolerated 

Home splinting until motion plateaus 
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Factors Influencing the Outcome 
of Distal Radius Fractures 

There aremyriad factors affecting the clinical resuit following 
a DRF. 67 Most of these prédictions are based on the radio¬ 
graphie fïndings, although the surrounding soft tissue enve- 
lope as well the intracarpal ligaments has a marked influence. 

ANATOMIC PREDICTORS OF FRACTURE 
INSTABILITY 

Fracture instability may be defined as an inability to resist 
displacement after an anatomie réduction. In a now classic 
paper, Lafontaine et al identified a number of risk factors 
that were associated with redisplacement of a DRF despite 
an initial satisfactory réduction. These included the presence 
of dorsal tilt >20°, comminution, intra-articular involve- 
ment, an associated fracture of the ulna, and âge greater than 
60 years. If 3 or more of these factors were présent, there was 
a high likelihood of fracture collapse. 68 Advanced âge influ¬ 
ences fracture instability due to the associated osteopenia. In 
patients over 60 years old, Leone et al found that the degree 
of radial shortening, volar tilt, the amount of dorsal commi¬ 
nution, and advanced âge were prédictive of early or late fail- 
ure. An unexpected f inding was that one third of undisplaced 
fractures occurred in patients over 65 years of âge. 69 Nesbitt 
et al determined that âge was the only statistically significant 
predictor of secondary displacement. 70 After obtaining an 
acceptable initial closed réduction, those patients who were 
more than 60 years of âge had 4 times the risk for 4-week 
failure over those younger than âge 60 years. The risk for 
displacement increased as âge increased. Due to the risk of 
late collapse, adjuvant internai fixation with locking plates 
should be considered in elderly and ostéopénie patients. 

ANATOMIC PREDICTORS 
OF OSTEOARTHRITIS (OA) 

Articular congruity is paramount in t he development of post- 
traumatic OA. In another classic paper Knirk and Jupiter ret- 
rospectively reviewed 43 intra-articular fractures in 40 young 
adults (mean âge, 27.6 years) that were treated at Mass 
General Hospital, with a mean foliow-up of 6.7 years. Since 
most of the fractures (38/43) were treated with older, non- 
rigid fixation methods that were popular at that time includ- 
ing cast or pins and plaster, there was a high incidence of 
residual intra-articular incongruity. Knirk and J upiter noted 
that radiographie evidence of arthritis was présent in 8/8 of 
the fractures whose articular incongruity was 2 mm or more, 
in contrast to only 2/19 of the f ractures that healed with a con- 
gruous joint. OA was found in 22/24 of the patients who had 
any step-off whatsoever. 71 Catalano et al studied 21 patients 
under the âge of 45 years who had undergone internai fixa¬ 
tion of displaced intra-articular fractures. 72 At an average of 
7.1 years, osteoarthrosis of the radiocarpal joint was radio- 
graphically apparent in 16 wrists (76%). A strong association 
was found between the development of osteoarthrosis of the 


radiocarpal joint and residual displacement of articular frag¬ 
ments at the time of bony union (P <.01). They revisited 16 
of these patients at 15 years. Arthrosis was présent in 13/16 
of the wrists and there was an additional 67% réduction of 
the joint space. 73 The prédictive value of these studies is that 
articular incongruity following a DRF is the most significant 
factor in the development of radiocarpal OA. Articular dis¬ 
placement that is identified on the initial in jury films thus 
warrants a more aggressive surgical approach. 

PREDICTORS OF RESIDUAL IMPAIRMENT 

The landmark paper by Gartland and Werley was instru¬ 
mental in establishing the link between the anatomie resto- 
ration of a DRF and the functional outcome. 74 This finding 
has been corroborated by many studies since then. Aro and 
Koivunen looked at the outcomes in 92 patients over the âge 
of 55 years. They noted that even minor axial shortening of 
the radius following a Colles fracture affected the outcome. 
The functional end resuit was unsatisfactory in 4% of the 
patients with an acceptable anatomie resuit, in 25% of the 
patients with radial shortening of 3 to 5 mm, and in 31% of 
the patients with shortening of more than 5 mm. 75 Combined 
deformities are also significant. Trumble et al showed that 
axial compression of >2 mm and dorsal angulation of >15° 
adversely affect the end results. 76 

Malunion however does not always lead to a bad outcome. 
Grewal and MacDermid prospectively foliowed 216 patients 
with extra-articular DRFs for 1 year and assessed the patient- 
reported outcomes using the DASH and PRWE. 77 The overall 
alignment of the DRF was designated as “unacceptable” if the 
dorsal angulation was >10°, if the radial inclination was <15°, 
or if there was >3 mm of ulnar positive variance. Patients 
under the âge of 65 demonstrated a very strong link between 
poor outcomes and the presence of malalignment of the dis¬ 
tal radius. Patients 65 years and older showed no significant 
relationship between malalignment of the distal radius and 
patient reports of pain and disability. Based on relative risk, 
malalignment increased the risk of having a poor outcome 
(DASH >20 or PRWE >20) in ail âge groups. Using the DASH 
score, patients over the âge of 65 however will expérience 1 
bad outcome for every 8 patients who présent with unaccept¬ 
able alignment. This contrasts with younger patients where 
1 in 2 (based on the DASH) or 1 in 3 (based on the PRWE) will 
expérience a poor outcome if left with a malaligned DRF. 51 

ULNAR WRIST PAIN 

Ulnocarpal impingement and DRUJ incongruency are 
related to the amount of radial shortening and are a common 
cause of ulnar-sided wrist pain. One study of 109 Colles frac¬ 
tures treated with closed réduction and casting determined 
that the most important factor for predicting ulnar wrist pain 
was incongruity of the DRUJ due to residual dorsal angula¬ 
tion of the radius. 78 Others hâve found that an increase in the 
ulnar variance was the most important radiological param- 
eter affecting outcome. 79 
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PREDICTORS OF LOSS OF WRIST MOTION 

Experimentally, radial shortening of 10 mm reduces fore- 
arm pronation by 47% and supination by 29%. Five mil- 
limeters of ulnar translation deformity results in an mean 
23% loss of pronation. 80 Clinical expérience has shown that 
axial compression of more than 2 mm and dorsal angula¬ 
tion exceeding 15° were directly related to diminished range 
of motion. 81 Comminution and intra-articular involvement 
also prédisposé toward a loss of movement. In a study of 
169 DRFs in adults under the âge of 50, fracture union with 
a step in the radiocarpal articular surface was associated 
with loss of wrist mobility and difficulty with fine dextrous 
tasks. 82 The prédictive value of this evidence is that if a loss 
of motion is due to bony malalignment, prolonged therapy 
will be of no benefit. 
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Arthroscopic Treatment of Distal 
Radius Fractures 

Francisco del Pinal, MD, PhD 
Melissa Klausmeyer, MD 



RATIONALE 

Contrary to general belief, arthroscopic-assisted réduction in 
distal radius fractures can be done in an expeditious manner 
and with minimal OR resource consumption. In many cases 
of simple articular fractures, step-offs and gaps are présent 
that can be corrected with the arthroscopic technique. 1-5 Use 
of the arthroscope in intra-articular distal radius fractures 
undoubtedly adds a level of complexity to the management 
of distal radius fractures. But it provides undeniable advan- 
tages as well: the ability to remove débris and hematoma, to 
see inside the joint with light and magnification, to directly 
manipulate intra-articular fragments, and to evaluate for 
concomitant ligamentous in jury. 

INDICATIONS 

We use arthroscopy routinely for ail displaced articular frac¬ 
tures of the distal radius that are scheduled for ORIF. We do 
not universally use the arthroscope in extra-articular frac¬ 
tures; in this case we limit the indication to active individuals 
with a suspicion of ligament in jury or a major distal radioul- 
nar joint (DRUJ) instability at the end of the radius fixation. 
Additionally, we use an arthroscope in distal extra-articular 
fractures where there is doubt about the location of the hard¬ 
ware, specifically to check for inadvertent placement of the 
screws in the joint space. 

There is no âge limit of the patients. The operation is 
scheduled as soon as possible in our practice, unlike many 
authors who recommend waiting 3 to 5 days to minimize 
bleeding of the fracture site and for avoiding major extrav¬ 
asation of fluid risking a compartment syndrome. The 
latter problem does not exist if the surgeon uses the dry 
arthroscopic technique. 6,7 

CONTRAINDICATIONS 

Arthroscopic-assisted réduction is contraindicated with 
overt superficial infection. As stated above, we employ the 
dry technique to avoid the risk of compartment syndrome. 


If the wet technique is chosen, continuous fluid irrigation 
cannot be performed when there is marked capsular tear- 
ing, which would lead to extensive fluid extravasation and 
thus the risk of compartment syndrome. The dry technique 
is contraindicated when using thermal probes unless inter¬ 
mittent fluid irrigation is used. 

SURGICAL TECHNIQUE 

Before addressing the treatment of the fracture itself, the sur¬ 
geon needs to be acquainted with the dry arthroscopic tech¬ 
nique. 6-8 The technique can be summarized in the 3 basic rules: 

1. The valve of the sheath of the arthroscope is kept open at 
ail times to allow air circulation. 

2. Suction of the shaver or burr is used only when aspiration 
is necessary, and left in the “off” position for the remain- 
der of the operation. Otherwise, the contents of the joint 
will be stirred up by the suction, obscuring vision through 
the scope. 

3. The joint is flushed with 5- to 10-mL aliquots of saline to 
clear débris and blood as needed. 

The management of the severely comminuted articular 
fractures (more than 4 articular fragments or with free osteo- 
chondral fragments) is difficult and is not recommended 
until the surgeon and OR personnel hâve enough expérience 
with the management of simple fractures. Finally, having the 
assistance of another surgeon is invaluable until one is famil- 
iar with the logistics of the operation, and it is essential in 
more complex fractures. 

A systematic approach is fundamental in this “complex” 
operation. With slight modifications the operation can be 
summarized as follows: (a) temporary fixation of the artic¬ 
ular fragments with Kirschner wires (K-wires) to a volar 
locking plate under fluoroscopie control; (b) arthroscopic 
fine-tuning of the réduction; (c) rigid articular fragment 
fixation under arthroscopic guidance; (d) triangular fibro- 
cartilage complex (TFCC) and midcarpal exploration. 

A flexor carpi radialis (FCR) approach is used to 
address the typical 4-part fracture. A 6-cm incision is made 
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overlying the FCR. The tendon sheath is divided and the 
FCR is retracted ulnarly. The pronator quadratus is elevated 
from the fracture. The brachoradialis tendon is left undis- 
turbed. A volar locking plate is provisionally applied and 
stabilized to the shaft of the radius by inserting a screw into 
the elliptical hole on the stem of the plate. This will allow 
some adjustment of the plate as needed. Next, the réduc¬ 
tion of the distal fragments is done by traction and flexion. 
The dorsal fragments are manually compressed to the con- 
struct as the plate acts as a mold. Usually, several attempts 
and maneuvers are needed before the “best” provisional 
réduction is obtained, as judged by the fluoroscopie views 
and direct observation of the metaphyseal component of 
the fracture. Radial length, volar tilt, and radial inclination 
should be corrected and held with the aid of the plate. The 
articular fragments are then provisionally secured to the 
distal plate by inserting K-wires through the auxiliary holes 
and an additional proximal screw is inserted. No locking 
pegs are used at this stage. 

At this point, we suspend the hand from a custom- 
made traction System with 7 to 10 kg of distraction. 9 A 
2.7-mm/30° scope is used for most cases. Because of edema 
and the disrupted bony anatomy, it is slightly more diffl- 
cult to establish the portais than in a standard arthroscopy 
case. However, with deep palpation, Listers tubercle can be 
located as well as the joint space just distal to it. This guides 
the placement of the 3-4 portai. Small transverse incisions 
are used for each portai as they heal with minimal scarring 
and do not require suturingat the end of the operation. The 
entrance of the portai is enlarged with a mosquito clamp, 


and the scope is introduced and directed ulnarly to establish 
another portai for triangulation. 

Use of the 4-5 portai is avoided to prevent interférence 
with the réduction of the dorsoulnar radius. Instead, the 6R 
portai is the preferred ulnar portai for triangulation. This 
portai is established by palpating the proximal rounded sur¬ 
face of the triquetrum; the portai placement is j ust proxi¬ 
mal to the triquetrum but as distal as possible. This avoids 
the TFCC that may be detached from the dorsal capsule or 
fovea and may impede the entrance into the radiocarpal 
joint. With the scope in the 3-4 portai, a 2.9-mm shaver is 
inserted into the 6R portai to aspirate blood and débris. The 
joint is irrigated with saline in 5- to 10-mL aliquots from 
a syringe attached to the valve of the scope. After the frag¬ 
ments that need to be mobilized are identified from the 3-4 
view, the scope is swapped to 6R. The scope remains in 6R 
until the completion of the fixation. In this position, the 
scope rests on the ulnar head and the TFCC. If the scope is 
kept in the 3-4 (or 4-5) portai, it rests on the unstable dorsal 
distal radius; this can displace reduced fragments or impede 
their réduction (Fig. 27-1). Although the volar-radial portai 
is useful for addressing dorsal rim fragments, 10,11 we prefer 
to keep the scope in 6R, advance the scope volarly, and turn 
the lens dorsally to view the dorsal rim. This avoids chang- 
ing portais and redisplacing volar fragments that are not yet 
rigidly flxed. 

Except in the most complex cases, only 1 or 2 fragments 
will need to be addressed arthroscopically, and usually these 
fragments are depressed. Several authors recommend ele- 
vating these fragments by inserting an instrument into the 



M Scope in 6R D Scope in 3-4 

FIGURE 27-1 A. When the scope is place in 6R, it rests on the stable platform of the ulnar head. B. If the scope is placed in any other portai, it conflicts 
with the réduction (red and yellow arrows) and is unstable. (Copyright © 2011 by Dr Pinal.) 
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FIGURE 27-2 The preferred technique for reducing depressed dorsal fragments. The probe is used to assist in réduction, and tension is maintained 
on the construct while the distal screws are inserted. (Copyright © 2011 by Dr Pinal.) 


metaphysis (proximal to the fragment) through an addi- 
tional dorsal skin incision. Our preferred technique is to 
use a shoulder or knee probe in the 3-4 portai and hook the 
fragment to pull it distally (Figs. 27-2 and 27-3). The frag¬ 
ment is released from the provisional fixation by backing 
out the spécifie K-wire that secures it; then the fragment is 
slightly overreduced with the probe. At this point, the sur¬ 
geon main tains the réduction by compressing it in a volar 
direction. The assistant surgeon then slowly readvances the 
K-wire into the dorsal cortex to capture the réduction, taking 
care not to impale the extensor tendons (or the other sur¬ 
geon s thumb!). Once the joint is reduced, the locking pegs/ 
screws are inserted. Those pegs/screws in critical positions 
are placed under arthroscopic control, since a loss of réduc¬ 
tion may occur while drilling. This step may be facilitated 
by releasing the traction slightly to relax the flexor tendons, 


which are then retracted ulnarly. Smaller fragments can be 
held in position with the fiat surface of a Freer elevator in 
order to avoid “crumbling” during drilling. Once the major 
articular fragments are stable to probe palpation, the hand 
is released from the traction and laid fiat on the operating 
table for insertion of the remaining pegs and screws. A final 
arthroscopic survey is performed to ensure there is no hard¬ 
ware pénétration of the articular surface. 

Occasionally, the articular fragments are displaced distally 
and are prominent in the joint space. In this case, the traction 
is partially released, and the fragment is reduced by push- 
ing it down with a Freer elevator. Pressure is applied with 
the surgeons thumb or bone tenaculum to maintain réduc¬ 
tion while the definitive fixation is performed. Small dorsal 
rim fragments do not need to be fixed to the plate as these 
fragments do not bear significant load. Large unstable dorsal 



FIGURE 27-3 Réduction of a fragment in the scaphoid fossa. A. The 3-mm shoulder probe is used to estimate the step-off. B. The probe is placed 
under the depressed fragment. C. The probe is used to elevate the fragment. D. The fragment is leveled with the rest of the joint. (Scope is 6R, viewing 
a right wrist in the radial direction. (1) Volar rim of scaphoid fossa; (2) dorsal rim; (5) scaphoid fossa.) (Copyright © 2011 by Dr Pinal.) 
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FIGURE 27-4 Technique of arthroscopic réduction of an elevated dorsal rim fragment. The Freer elevator is used to reduce the fragment while 
tension is maintained by the surgeons thumb. (From del Pinal. 17 Copyright © 2009, with kind permission of Springer Science_Business Media.) 


fragments can be fixed by the locking pegs/screws if large 
enough; otherwise K-wire fixation is used (Fig. 27-4). The 
K-wires are left protruding percutaneously and are removed 
in the office in 3 to 4 weeks. In order to avoid skin irritation, 
the patients are allowed wrist flexion but not extension until 
the K-wires are removed. 

It is important to stress that large dorsal fragments that 
appear distally displaced in relation to the anterior fragments 
on fluoroscopy rarely are. In fact, usually it is the anterior 


fragment (often the volar-ulnar fragment) that remains dor- 
sally rotated. Clues to help recognize this deformity include 
the absence of collapse in the dorsal cortex and the déprés¬ 
sion of Medoffs “teardrop angle” (N = 70°) 12 (Fig. 27-5). In 
these instances, the joint is reduced b y derotating and elevat- 
ing the anterior fragment to the level of the dorsal fragment 
rather than depressing the dorsal fragment (Fig. 27-5). This 
is performed in a similar manner to réduction of dorsally 
depressed fragments, but the K-wire should be completely 



FIGURE 27-5 A. Fluoroscopie view of a pseudoelevated dorsal fragment with a step-off at the lunate facet (white arrows). Notice, however, that the 
dorsal cortex is restored without gaps and that the “teardrop angle” (red line) is slightly decreased. Both of these suggest a malrotated volar fragment. 
B. After the anteroulnar fragment was derotated, anatomie restoration of the lunate fossa was achieved (normal teardrop angle). (Copyright © 2011 
by Dr Pinal.) 
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FIGURE27-6 Preferred technique for réduction of an anterior malrotated fragment. The réduction requires the complété removal of the corresponding 
K-wire prior to manipulation of the fragment. (Copyright © 2011 by Dr Pinal.) 


withdrawn before attempting to mobilize the anterior frag¬ 
ment (Figs. 27-6 and 27-7). 

Free osteochondral fragments are at times extremely 
unstable and hâve a tendency to sink into the metaphyseal 
void after réduction. To prevent this, we support the frag¬ 
ments by inserting the distal layer of lockingpegs in the plate 
to act as a hammock. The fragments are kept slightly overre- 
duced and then impacted with a Freer elevator. Alternatively, 
they may be impacted by releasing the traction and using 
the corresponding carpal bone as a mold. A grasper may 
be necessary to manipulate a severely displaced fragment 
(Figs. 27-8 and 27-9). 

In very comminuted fractures, displacement of some 
articular fragments will persist after fluoroscopie réduction. 
Backing out ail of the K-wires and attempting to reduce and 
fix ail of the mobile fragments at the same time is an impos¬ 
sible endeavor in our hands. We recommend a systematic 
approach beginning ulnarly a nd progressing radially in most 
cases (Fig. 27-10). With the scope in the 6R portai and resting 


on the ulnar head, the “keystone” lunate fossa is reduced first 
and stabilized by inserting 1 or 2 locking pegs/screws in t he 
ulnar part of the plate. The radial portion of the joint is now 
addressed and fine-tuned under arthroscopic guidance fol- 
lowed by insertion of locking screws to stabilize the scaphoid 
fossa. A similar technique is also necessary when t he metaph- 
ysis is too comminuted to support the articular fragments. 

Management ofTFCC injuries and concomitant ligamen- 
tous injuries 7,13 is beyond the scope of this chapter but may 
affect the outcome if not addressed. 14,15 This part of the oper¬ 
ation is always performed after rigid fixation of the radius to 
prevent secondary displacement. Furthermore, DRUJ insta- 
bility should be assessed only after the radius is reduced and 
stabilized. 16 

The joint is thoroughly flushed after completion of the 
procedure. Assessment of the midcarpal joint is performed. 
Then, the pronator quadratus is sutured to the brachio- 
radialis tendon with 2 or 3 résorbable stitches. The volar 
skin incision is closed in a single layer with a subcuticular 



FIGURE 27-7 Correction of a pseudoelevated dorsal fragment. A. Although the dorsal lunate fossa fragment appears elevated with a step-off of 
approximately 3 mm, the displacement is actually due to malrotation of the anteroulnar fragment of the lunate fossa (AU). B. With a shoulder probe 
inserted through the 3-4 portai, the anterior fragment is derotated. C. The 2 volar components of the lunate fossa (AU and AC) are now level with the 
dorsal fragment. (Copyright © 2011 by Dr Pinal.) 
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FIGURE 27-8 Preferred management of free osteochondral fragments. Temporary K-wire fixation is not sufficient to maintain réduction. Instead, 
a locking peg is inserted in the distal row of the plate and the fragment is impacted with a Freer elevator in order to completely reduce it. (Copyright 
©2011 by Dr Pinal.) 


3/0 nylon suture. The transverse portai incisions do not 
need to be sutured as they will heal with a minimal scar. 
A protective splint is provided and removed in 1 to 2 days. 
Self-directed active and assisted exercises are encouraged 
at that time. A removable plastic splint is fabricated and is 
worn only when the patient is at risk of further trauma. After 
4 or 5 weeks, any limitation of arc of motion is addressed 
by assisted exercises under the supervision of a physiothera- 
pist. Exceptions are made in those cases that required addi- 
tional fixation for dorsal rim fixation with K-wires for which 
3 weeks of extension blocking is required. Concomitant soft 
tissue injuries also modify the aftercare. 

COMPLICATIONS 

Dorsal soft tissue scarring may make repositioning of the 
depressed dorsal fragments impossible in as little time as 10 
to 14 days. Forceful maneuvers to reduce the fragments may 


cause further fragmentation. If the surgeon notices that the 
fragments do notmove easily, it is recommended to use a Freer 
elevator to bluntly release ail the proximal periosteum and 
scarred soft tissues under arthroscopic control (Fig. 27-11). 

With a severely comminuted intra-articular fracture 
with metaphyseal or diaphyseal comminution, it is possible 
to lose the extra-articular réduction while addressing the 
intra-articular component (Fig. 27-12A). This is a particu- 
lar risk when the metaphyseal fragments are not substantial 
enough to support the K-wires that are used for the tem¬ 
porary articular réduction. When pressure is applied to the 
intra-articular fragments, the tenuous K-wire stabilization 
collapses, and the extra-articular réduction is lost since the 
comminuted metaphysis is not a reliable foundation on 
which to base the articular construct. Instead of perform- 
ing the réduction proximally to distally (from diaphysis to 
metaphysis to epiphysis), we prefer a different approach: the 
“platform” technique. The plate is first applied to the diaph¬ 
ysis. Then, under fluoroscopy, the largest articular fragment 



FIGURE 27-9 Corresponding arthroscopic view of Figure 27-8. A. A free osteochondral fragment (F.O.F.) sank into the metaphyseal void in the 
scaphoid fossa. After several attempts at réduction, the fragment did not hâve sufficient support to resist the stress of the probe. B. After a locking peg 
was inserted, a supporting hammock is created. The free osteochondral fragment is shown overreduced before it is leveled by the probe (C). (Copyright 
©2011 by Dr Pinal.) 
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FIGURE 27-10 Preferred technique for réduction when several fragments remain displaced. A. The volar lunate fossa fragment (keystone) is 
reduced and (B) secured with locking screws. The réduction (C) and fixation (D) occur in an ulnar to radial direction. (From del Pinal. 17 Copyright 
© 2009, with kind permission of Springer Science+Business Media.) 


is secured to the distal aspect of the plate with locking pegs/ 
screws (Fig. 27- 12B). This establishes the radial length. Next, 
under arthroscopy, the réduction and fixation continue 
with the remaining articular fragments. Once the articular 
“platform” is established, the metaphyseal fragments are 
reduced and the fixation is completed (Fig. 27-12C-F). 


OUTCOMES 

We hâve treated more than 200 articular distal radius 
fractures under arthroscopic control. We reviewed 19 of 
the most comminuted fractures. 17 They ail had “explosion 
fractures”: more than 5 articular fragments and/or a free 
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FIGURE 27-11 Two weeks after the in jury this posteroulnar fragment (P.U.) was already healed in malposition and could not be reduced. A Freer 
elevator was introduced through 6R and the callus was broken. The fragment was aggressively manipulated with the Freer elevator in order for the soft 
tissues to yield and to permit anatomie réduction. (Copyright © 2012 by Dr Pinal.) 


osteochondral fragment. The patients were evaluated clini- 
cally and radiographically at a minimum of 2-year follow- 
up. In 1 case the extra-articular réduction was lost, but in 
ail other patients, the radiographie parameters were sat- 
isfactorily maintained. The average range of motion was 
105° of flexion-extension; average grip strength was 85% 
of the contralatéral side, and the average DASH score was 
6. This study confirms that (dry) arthroscopy is feasible in 
the most severely articular comminuted C3 fractures. In a 
more recent case outside of the study group, 1 patient suf- 
fered collapse of the lunate fossa and required radiolunate 
arthrodesis. 

Additionally, in a level I study, Doi et al compared con- 
ventional ORIF treatment of intra-articular distal radius 
fractures with arthroscopically assisted réduction. They 
found improved outcome for patients treated with an 
arthroscopically assisted procedure when measured with 
both the Gartland and Werley scoring System and that of 
Green and O’Brien. 18 The group that had an arthroscopi¬ 
cally assisted procedure also had significantly better ranges 
of flexion-extension and radial-ulnar déviation of the wrist 
and grip strength (P < .05). 


Varitimidis et al performed a level I trial comparing 
arthroscopic réduction and fixation of distal radius fracture 
combined with arthroscopic treatment of associated intracar- 
pal and TFCC injuries with fluoroscopie réduction and fixa¬ 
tion of the radius alone. In the arthroscopy group, the DASH 
scores were clinically important at the 3-month interval. 
Regardless of arthroscopy, the différence in fonction as deter- 
mined by DASH scores was not relevant at 1 and 2 years post- 
operatively. 5 A weakness of the study included the possibility 
of preexisting carpal lésions and that the true incidence of car- 
pal ligament lésions in the fluoroscopy group was unknown. 

Ruch et al performed a rétrospective study of 15 patients 
with comminuted intra-articular distal radius fractures who 
were treated with an arthroscopic réduction and external 
fixation and percutaneous pinning versus 15 patients who 
underwent a fluoroscopie réduction. 2 The patients who 
underwent the arthroscopic réduction had significantly 
improved supination compared with those who underwent 
the fluoroscopie réduction (88° vs 73°; P = .02) as well as 
better wrist extension (mean, 77° vs 69°; P= .01) and wrist 
flexion (mean, 78° vs 59°; P = .02). The radial length and the 
DASH scores were similar for both groups. 
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FIGURE 27-12 A. If the metaphysisis severely comminuted, the comminuted fragments will not support thetemporaryK-wire fixation, and second- 
ary displacement may occur. In this scénario it is better to first create a stable articular surface. B. The length of the radius is restored by stabilizing 
the largest articular fragment with 2 pegs using fluoroscopy. The other articular fragments are then assembled to this stable base under arthroscopic 
control. C-F. Clinical case. Preoperative radiograms (left) of a C33 fracture in a manual laborer. Radiograms at 1 year (right) demonstrate that the 
length of the radius is maintained despite the severe comminution. (Copyright © 2012 by Dr Pinal.) 
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MALUNION 

Rationale and Basic Science Pertinent 
to the Procedure 

There has been a dramatic increase in internai fixation of 
distal radial fractures in the last decade, corresponding 
with the introduction of the volar locking plating System in 
2000. 1,2 While some investigators hâve observed a substantial 
decrease in symptomatic malunions following plate fixation, 
reports hâve identified between 5% and 15% of patients hav- 
ing a loss of réduction and symptomatic deformity. 3-7 

Changes of carpal alignment in malunions of the distal 
radius lead to mechanical overload of the radiocarpal and 
midcarpal joints. This overload can cause ligament atténua¬ 
tion, synovitis, and progressive dynamic instability. 8,9 

Biomechanical studies demonstrated that a residual dor¬ 
sal or palmar tilt of more than 20° alters load distributions in 
the radiolunate joint, while a radial shortening of more than 
4 to 6 mm produces a positive ulnar variance, predisposing 
patients to develop ulnar impaction syndrome and triangu- 
lar fibrocartilage complex lésions. 10,11 

Indications 

We consider an osteotomy in patients with distal radius mal¬ 
union and functional limitations of the forearm with pain or 
limitation of supination or pronation, loss of flexion or exten¬ 
sion, or loss of grip strength. An extra-articular osteotomy is 
stronglyconsidered in patients with subluxation of the radio¬ 
carpal joint or midcarpal instability. An intra-articular oste¬ 
otomy is also indicated in patients with subluxation of the 
radiocarpal joint with coronal incongruity or in patients with 
an intra-articular step-off that is greater than 2 mm. 

The idéal candidate includes highly motivated patients 
with clearly defined symptoms and a preoperative range of 
motion of no less than 70% of normal. Sedentary, low-demand, 
elderly patients who hâve few symptoms and adéquate wrist 
function might not benefit from corrective surgery. 


Although the correction of an extra-articular deformity 
can be safely delayed until the soft tissues offer an idéal sur- 
gical environment, and maximal residual function of the 
wrist has been regained, an intra-articular deformity should 
be dealt with as soon as possible, before irréversible articu- 
lar damage occurs. There is no time limit on the osteotomy; 
rather, advanced osteoarthrosis is the limiting factor; hence, 
the osteotomy should not be delayed, especially if it leads 
to arthrosis. Jupiter and coworkers 13 compared the results 
of early and late ostéotomies in 2 similar cohorts and con- 
cluded that early correction provided easier radial and DRUJ 
realignment because of the absence of soft tissue and cap- 
sular contractures. The need for structural iliac crest bone 
graft was diminished because the local nascent callus mate- 
rial was used to fill defects. They concluded that although the 
functional results are similar in both groups, early surgery 
resulted in considerably less total disability and an earlier 
return to work. 

Contraindications 

Infirmity and poor general health represent formai con¬ 
traindications to performing a corrective osteotomy. 
Contraindications also include acceptable hand function 
despite the malunion, advanced degenerative articular 
changes, fixed carpal malalignment, limited functional capa- 
bilities, severe osteoporosis, or complex régional pain syn¬ 
drome. Age is not a contraindication to surgery. 

Surgical Technique 

The required equipment dépends on the implants that are 
used but always includes a small fragment set, an oscillating 
saw, and an image intensifier. Prophylactic antibiotics (eg, 
third-generation cephalosporin) are administered within 
1 hour prior to surgical incision. 

Depending on the need to harvest bone graft from the 
iliac crest, general or régional anesthésia is used. The patient 
is placed in a supine position with the forearm on a hand 


371 


372 


Section III Distal Radius 


table. The affected arm and wrist as well as the iliac crest 
are prepped and draped in a standard stérile fashion. The 
extremity is exsanguinated with an Esmarch bandage, and a 
pneumatic tourniquet is inflated to 250 mm Hg. 

• For dorsally displaced malunions, a dorsal approach has 
traditionally been used, but with the introduction offixed- 
angle implants, it is also possible to use volar approaches. 
A dorsal exposure allows direct visualization of the artic- 
ular surface through a dorsal capsulotomy. It is therefore 
useful for the treatment of extra- or intra-articular mal¬ 
unions associated with dorsal subluxation and simple 
articular malunions in the sagittal plane. The volar expo¬ 
sure is useful for volar malunions or articular malunions 
associated with volar subluxation. Use of a volar approach 
also allows easier correction of a malrotation, less risk of 
extensor tendon problems, and less requirementfor struc¬ 
tural bone graft:. 

DORSAL APPROACH 

The dorsal approach was previously in vogue and has been 
well described. 12 

Preoperative x-rays are performed of the injured and nor¬ 
mal sides so that when they are superimposed, theyallowone 
to plan the osteotomy site and measure the angular defor- 
mity in the sagittal plane (latéral view) and the frontal plane 
(anteroposterior view). A 7-cm incision is made starting just 
distal to Lister s tubercle and moving proximally, incising the 
extensor retinaculum between the second and third exten¬ 
sor compartments. The extensor pollicis longus tendon is 
retracted radially and the extensors ulnarly. A small K-wire 
can be inserted into the radiocarpal joint to gauge the sag¬ 
ittal inclination of the articular surface. If a single angular 
correction is planned, the osteotomy eut has to be exactly 
parallel to the joint surface in the sagittal plane. If correction 
of radial inclination and malrotation is needed, the eut has 
to be aligned perpendicular to the distal fragment in both 
the sagittal and AP planes. Two threaded 2.5-mm K-wires 
are inserted subtending the angle of correction on both sides 
of the future osteotomy. These K-wires serve not only to 
guide intraoperative correction but also to manipulate and 
maintain the distal fragment in the correct position. The 
osteotomy is performed with an oscillating saw parallel to 
the distal K-wire, but leaving the volar cortex partially intact. 
The osteotomy is opened dorsally by flexing the wrist until 
both K-wires are parallel in the sagittal plane. The brachiora- 
dialis is released and the radial length is restored with use of 
a small laminar spreader. The correction can be temporarily 
maintained with the aid of a small external fixator. A corti- 
cocancellous iliac crest graft is shaped to fit into the defect 
and held with K-wires. If rotational correction is needed, 
1 or 2 K-wires are inserted through the graft into the proxi¬ 
mal fragment in the correct axial alignment, and then the 
distal fragment can be rotated (usually pronated) on the 
graft to the desired position. A dorsal locking 2.7-mm plate 
or two 2.4-mm plates can then be applied on the radial 
border between the wrist extensors and the first dorsal 


compartment, and dorsoulnarly under the fourth compart- 
ment, and then the K-wires are removed. 

VOLAR APPROACH 

A 7- to 8-cm longitudinal volar radial skin incision is made 
slightly radial to the flexor carpi radialis (FCR) tendon and 
the interval between the FCR and radial artery is identified 
and mobilized. The exposure is helped by release or length- 
ening of the brachioradialis as well as opening the first exten¬ 
sor compartment. Hohman retractors are placed on either 
side of the distal radius at the site of the proposed osteotomy. 

A 0.6-mm smooth Kirschner wire is placed into the distal 
fragment parallel to the joint surface in the sagittal plane and 
perpendicular to the distal fragment in the frontal plane. A 
second wire is placed perpendicular to the shaft proximal to 
the site of deformity. The distal component of the plate is fixed 
temporarily to the distal radius. The drill holes for the most 
ulnar and radial fixed-angle screws of the proximal row of 
holes in the volar locking plate are prepared at this point. The 
plate is removed, and the osteotomy eut is performed from 
volar to dorsal through the old fracture site perpendicular to 
the axis ofthe radius in the anteroposterior plane and parallel 
to the joint surface in the sagittal plane. It may be préférable 
in some instances to perform the osteotomy with the plate 
in place. A bone clamp can be used to pronate the proximal 
shaft in order to expose the dorsal periosteum and callus that 
must be released in order to regain radial length, along with 
any dorsal osteophytes that can cause extensor tendon rup¬ 
ture. Next the plate is fixed to the distal fragment with screws 
using the predrilled holes. Correction in ail 3 planes occurs 
simultaneously as the proximal part of the plate is progres¬ 
sive^ reduced to the radial shaft with a bone clamp. 

If additional length is required, a laminar spreader can be 
placed in the osteotomy site to wedge it open. The stability of 
these fixed-angle de vices maintains the radial length even in 
ostéopénie bone. Ring et al showed that there is no need for 
an iliac crest structural corticocancellous bone graft, and the 
gap may be filled with morcellized autogenous bone grafts 23 
or bone substitutes such as Norian SRS® 13 (Fig. 28-1A-L). 

INTRA-ARTICULAR MALUNIONS 

Corrective osteotomy of intra-articular malunions is appeal- 
ing, since articular incongruity is directly associated with 
the development of radiocarpal arthrosis. A volar, dorsal, or 
combined approach can be used, depending on the anatomy 
of the malunion. With the volar approach, the joint is visu- 
alized through the osteotomy site, leaving the radiocarpal 
ligaments intact. With a dorsal approach, the joint is visu- 
alized through a capsulotomy. The previous fracture site is 
identified visually and with image intensification. Smooth 
0.045-in K wires are inserted into fracture fragments to 
be used to “joystick” the fragments for réduction. A sharp 
osteotome or a small oscillating blade may be used to open 
the fracture site. If an oscillating blade is used, an incomplète 
eut is made and then completed with a sharp osteotome. 
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FIGURE 28-1 A dorsally displaced malunion of the distal radius in a 62-year-old woman. A. The radiological appearance of the deformity. B. A 
smooth Kirschner wire is inserted into the radiocarpal joint parallel to the dorsally angulated articular surface. C. Using a template will allow more 
précisé placement of the proximal Kirschner wire into the radius. D. A distal locking screw secures the implant into the distal fragment. E. X-ray image 
confirms the position of the implant in the sagittal plane. A 12-mm screw has been placed in the most distal hole of the straight limb of the plate that 
will confirm a 25° correction. F. With the plate in place an osteotomy is created with a sagittal saw. 
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FIGURE 28-1 ( Continued ) G. The osteotomy can be safely completed 
with a thin bladed osteotome. H. The initial correction before length- 
ening. I. The laminar spreader is placed into the osteotomy to regain 
length. J. The proximal screws are now placed. K. The defect is filled 
with Norian SRS. L. Follow-up radiographs. 
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An osteotome or small Cobb elevator is then used to gently 
free the original fracture site and to mobilize the articular 
fragment into proper position. The fragments are manipu- 
lated using the previously placed wires and can be provision- 
ally fixed by using either 0.045- or 0.062-in K wires. Another 
option is to use a mini-external fixator to hold the joysticks. 
A plate and screw construct is then applied. 

DISTAL RADIOULNAR JOINT 

The distal radioulnar joint must be considered with any dis¬ 
tal radius osteotomy. The arthritic distal radioulnar joint 
can be treated with a Darrach, Sauvé-Kapandji, or Bowers 
hemiresection arthroplasty. We hâve had clinical success 
with the Darrach procedure with a Breen-Jupiter s tabiliza- 
tion of the residual ulnar shaft using slips of the extensor and 
flexor carpi ulnaris. 14 

Complications 

Complications include infection, wrist stiffness, persistent 
deformity, loss of réduction, nonunion, symptomatic hard¬ 
ware, hardware failure, tendon rupture, and persisting pain 
and disability on the ulnar side of the wrist. 

Outcome 

Sato et al 15 reported their results of 28 corrective ostéotomies 
for volarly malunited distal radius with an average follow-up 
of 25 months (range, 12-60 months). Pain and wrist range of 
motion improved in ail patients. The modified Mayo wrist 
score was excellent in 16 patients, good in 10 patients, and 
fair in 2 patients. 

Lozano-Calderon et al 16 reviewed 22 patients with an 
average follow-up of 13 years (range 6-24 years) after correc¬ 
tive osteotomy for both extra- and intra-articular malunions. 
Grip strength averaged 71% of the unaffected side and active 
wrist motion was 79% of the opposite upper extremity. The 
DASH score averaged 16 points. 

While multiple reports exist in the literature on the suc¬ 
cess of corrective osteotomy of malunion foliowing nonop- 
erative treatment, 17-19 there is a paucity of literature regarding 
the results after failed plate fixation as the primary fracture 
treatment. The first and senior author evaluated 18 patients 
(8 women, 10 men; mean âge 41 years) at an average of 7 years 
(range 2-12 years) after osteotomy of a malunited fracture of 
the distal radius following failed internai fixation. 

Wrist motion and pain improved with the operation in ail 
cases. The average increase in grip strength was 27% (range, 
0%-66%). The modified Mayo wrist score averaged 79 points 
(range, 50-100 points), with 12 excellent, 2 good, and 4 sat- 
isfactory results. The DASH score decreased from 59 points 
(range, 23-90) beforethe operation to 23 points (range, 1-51) 
at the time of follow-up. Using the Fernandez point score 
System there were 10 good, 2 fair, and 6 poor results. Final 
follow-up radiographs showed an average improvement in 


dorsal tilt of 17° (range, 8°-25°), an average improvement in 
volar tilt of 22° (range, 10°-32°), an improvement of 6° radial 
inclination (range, 22°-31°), and a decrease of 3.1 mm in 
ulnar variance (range, 2-11 mm). 

NONUNION 

Rationale and Basic Science 
Pertinent to the Procedure 

Nonunion of the distal radius has been considered rare but 
is now being reported with increasing frequency. 20,21 This 
might be attributed to the increasing number of operatively 
treated fractures. Excessive distraction with an external fix¬ 
ator, unstable fixation, or prématuré active wrist motion 
may compromise healing. 20-22 Other factors associated with 
nonunion include infection, extensive comminution, con¬ 
comitant fracture of the distal ulna, diabètes, smoking, and 
certain psychiatrie disorders that affect patients’ compli¬ 
ance. 23-25 Most nonunions are synovial. The wrist is usually 
deformed, unstable, and painful. S orne patients hâve a severe 
radial déviation deformity. Operative treatment can improve 
upper limb function in patients with nonunion of the distal 
radius by either fusing the wrist or healing the fracture. 

Indications 

Patients with limited radiographie evidence of healing 
4 months after the injury should be considered to hâve 
delayed healing and patients with limited radiographie 
evidence 6 months after the fracture should be considered 
to hâve fracture nonunion. An attempt to gain union and 
restore at least s orne amount of wrist motion should be made 
in active patients with high functional demands. 

Contraindications 

Infirm, debilitated, and demented patients with limited 
functional demands can be managed nonoperatively. Active 
or chronic infection must be eradicated prior to consider- 
ing surgery. A wrist fusion should be considered if there is 
less than 5 mm of bone between the lunate facet of the distal 
radius articular surface and the fracture site. 

Surgical Technique 

Fernandez et al hâve outlined 2 important principles that 
include the concept of applying 2 plates in orthogonal planes 
and the use of fixed-angle plates. A wrist fusion however 
may still be necessary with very small distal fragments or for 
infirm patients where the goal is pain management. 23 

The fracture is approached through a volar Henry 
approach and any fibrous or synovial tissues are removed 
from the fracture site. The sclerotic fracture ends are 
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freshened back to bleeding bone and the intramedullary 
canal is opened with a drill bit to facilitate the ingrowth of 
vessels. A small distractor can be used to restore length, along 
with a release of the brachioradialis, but it is often necessary 
to shorten or resect the distal ulna as well. The resected ulna 
can be used for bone graft. The fracture fragments are then 
held with temporary K-wire fixation and the distractor while 
2 locking plates are applied at 90° to each other to maintain 
the réduction. Any bone defects are filled with autogenous 
cancellous bone (Fig. 28-2A-H). 

Complications 

In the face of a persistent nonunion the implants will even- 
tually loosen or break. Limited motion, persistent pain, and 
progressive arthrosis may ultimately necessitate a wrist fusion. 

Outcome 

Segalman et al reported their results of 12 distal radius non- 
unions in 11 patients over a 24-year period. Nine fractures 


were considered to hâve insufficient metaphyseal bone to 
allow internai fixation; 6 of these fractures were treated with 
wrist arthrodesis and 3 patients were treated nonoperatively. 
Bony union was achieved in ail operatively treated fractures. 

Fernandez et al 21 reported 3 excellent, 4 good, 2 fair, and 
1 poor resuit at an average of 3 years and 6 months after open 
réduction and internai fixation of an ununited fracture of the 
distal radius. Ail 10 fractures had healed within 3 months. 
The senior author compared 10 patients with a nonunion of 
the distal radius in whom the distal fragment had less than 
5 mm of subchondral bone supporting the articular surface 
distal to the site of the nonunion with a group of 13 patients 
with a nonunion of the distal radius with a larger distal 
fragment. 20 

At an average follow-up of 28 months, union was 
achieved in ail but 1 patient. Two patients required subsé¬ 
quent operations for distal radioulnar joint dysfunction. 
Both groups regained an extension-flexion arc of approxi- 
mately 80°. Active forearm rotation was 140°. According to 
the Fernandez point score System, only 7 patients had good 
or excellent results reflecting the salvage nature of these 
procedures. 






Chapter 28 Malunion and Nonunion of the Distal Radius 


377 




FIGURE 28-2 ( Continued ) D. The brachioradialis is released. 
E. The distractor is applied to aid in regaining length and realign- 
ment of the distal fragment. F. Internai fixation is achieved with 
2 angular stable 2.7-mm implants. G. Follow-up radiograph. 
H. Clinical follow-up. 
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Radiocarpal Dislocation 

Christian Dumontier, MD 
Philippe Saffar, MD 



INTRODUCTION 

Radiocarpal dislocations are rare injuries whose descrip¬ 
tion and treatment still remain confusing. Dunn estimated 
that their frequency was 0.2% of ail dislocations, while 
Moneim et al stated that they could represent 20% of ail wrist 
injuries. 1,2 

Most of the 70 cases reported in the 19th century were not 
radiocarpal dislocations but intracarpal dislocations, epiphy- 
seal injuries, or very displaced wrist fractures. Since 1901, few 
cases of radiocarpal dislocation hâve b een reported and misdi- 
agnosis is common. Dunn reported 6 cases in 1972. 1 However, 
1 of his cases was a very comminuted distal radial fracture; 
1 dislocation was secondary to an anterior marginal rim, and 
the other to a fracture of the posterior margin. In their review 
of 438 x-rays, Ilyas et al 3 found a radiocarpal dislocation in 
2.7% of patients (12 cases, 10 with associated fracture). 

Our review of literature in 1995 yielded 80 cases in the 
literature since 1921. There hâve been 3 sériés since then. 4-6 
These injuries are associated with a spectrum of injury pat¬ 
terns. Dorsal dislocations are more common than volar dis¬ 
locations with 10/2 ratio accordingto Ilyas et al, as compared 
with a 23/4 ratio in our sériés. 3,4 The soft-tissue disruption 
can lead to radiocarpal instability, resulting in ulnar translo¬ 
cation and multidirectional radiocarpal instability. 

MECHANISM OF INJURY 

The exact mechanism of radiocarpal dislocation is still 
unknown. From a literature review and our own expérience 
of 27 cases, we postulated that the dislocation resulted from a 
combination of wrist hyperextension, frontal déviation, and 
a rotational movement. 4 

Other authors hâve postulated that posterior disloca¬ 
tions occur with wrist hyperextension, pronation, and radial 
déviation. 7-9 Hyperextension alone is unlikely to produce a 
radiocarpal dislocation 10 (Fig. 29-1). 


CLASSIFICATION 

Moneim et al 2 classified radiocarpal fracture-dislocations 
into 2 types based on the presence or absence of concurrent 
in jury to the inter carpal joint. In a type I in jury, the normal 
carpal anatomy is maintained, with dislocation of the radio¬ 
carpal joint. Type II injuries involve an associated scaph- 
olunate or lunotriquetral ligament in jury in addition to the 
radiocarpal dislocation. 

We introduced an anatomie classification based on the 
type of ligamentous in jury. 4 The most important radiocarpal 
ligaments insert on the radial aspect of the anterior margin 
of the radius. 

Group 1 injuries include pure ligamentous radiocarpal 
dislocations or dislocations with only a small cortical or 
radial styloid avulsion fracture (Fig. 29-2). In this group the 
volar radiocarpal ligaments are torn. This ligamentous tear 
was sometimes replaced by a chip fracture at the insertion 
site of the ligaments. Posteriorly, the ligamentous in jury pre- 
sented most often as a capsuloperiosteal avulsion similar to a 
Bankart lésion rather than a rupture of the dorsal radiocarpal 
ligaments. 

Group 2 injuries include dislocations with a large radial 
styloid fracture fragment involving at least one-third of the 
scaphoid fossa of the distal radius (Fig. 29-3). However, in 
our cases, the radial styloid fragment was not larger than 
the scaphoid fossa and the fracture line was horizontal, not 
oblique that we believe is consistent with a traction or rota¬ 
tional in jury rather than a compressive force. On the dorsal 
surface, the ligamentous in jury represents more of a capsulo¬ 
periosteal avulsion than a tear of the dorsal radiocarpal liga¬ 
ments. Group 1 dislocations consist of a global ligamentous 
in jury, which hâve the potential for multidirectional instabil¬ 
ity and pose a greater management challenge than do group 
2 injuries. In group 2 injuries, the radiocarpal ligaments 
remain attached to the fractured large radial styloid frag¬ 
ment. 11 Stability can more reliably be restored with secure 
anatomie fixation of the fracture. 12 
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FIGURE 29-1 Preoperative view of an avulsion in jury of the DRUJ in 
a pure radiocarpal dislocation. Most patients in the literature présent 
with DRUJ lésion suggesting a rotational movement during in jury. 


CLINICAL PRESENTATION 

The few sériés that are available suggest that these injuries 
are the resuit of severe high-energy trauma and that they 
occur most commonly in young men (males 87%, average 
32 years, range 17-85). The patient typically présents with 
a painful, swollen, and deformed wrist. The most common 
mechanisms of in jury are falls from a height, motor vehicle 
injuries, and industrial injuries. 2,6,10,13 Consequently, open 
wounds and associated injuries are common. In 1 sériés of 
open radiocarpal fracture-dislocations, an associated frac¬ 
ture or in jury to other organ Systems was found in every 
patient. 14 Recently Wang et al reported 3 cases of ipsilateral 
elbow and radiocarpal dislocation. 15 

Neurologie déficits of the injured extremity are common 
and are often associated with vascular insufficiency of the 
hand. Arterial occlusion secondary to the deformity may 
resuit in ischemia, which should be corrected by expeditious 
réduction of the joint with longitudinal traction. Neurologie 
in jury is also common, particularly with open injuries. 12 The 
médian nerve is more often involved than is the ulnar nerve. 
Less commonly, a radiocarpal dislocation may be associated 
with an irreducible distal radioulnar joint dislocation when 
soft tissue such as tendon or nerves or osteoarticular frag¬ 
ments become incarcerated within the joint. 4,7,16 


SURGICAL TREATMENT 




FIGURE 29-2 Pure radiocarpal dislocations are rare injuries with 
avulsion of ligaments from the radius. Most often these are posterior 
dislocations. A. AP view. B. Latéral view. 


As most cases are case reports, with short follow-up, no real 
consensus exists. Although closed réduction and cast immo- 
bilization hâve been reported to yield satisfactory results, we, 
as others, consider these injuries to be complex and unstable 
conditions that routinely warrant surgical réduction and 
fixation to attain a stable, concentric, and congruent wrist 
joint. Ail irreducible dislocations, open injuries, and cases 


involving neurovascular embarrassment require surgical 
treatment. 

The steps in surgical treatment of radiocarpal fracture- 
dislocation are as follows 12 : 

1. First, a provisional radiocarpal joint réduction is per- 
formed with longitudinal traction. An extensile volar 
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FIGURE 29-3 In group 2 radiocarpal dislocations, an associated fracture of the radial styloid is seen. However, in most patients, the fracture line 
is mostly horizontal and represents more of a rotational injury. A. AP view. B. Latéral view. 


approach ulnar to the flexor tendons and médian nerve is 
used so that both the carpal tunnel and Guy on canal can 
be decompressed as needed. 

2. The radiocarpal joint is examined through the volar cap- 
sular site of disruption and debrided of any loose carti¬ 
lage or bone f ragments. Stay sutures or suture anchors are 
then placed in the area of capsular and ligament disrup¬ 
tion but are not tied down. 

3. Fluoroscopy is used to identify any carpal fractures or 
interosseous ligament injuries that are confirmed and 
treated through a separate dorsal incision. 

4. If needed, the fractured radial styloid is accurately 
reduced and internally fixed with a Kirschner wire, a 
compression screw, or plate (Fig. 29-4). The stay sutures 
that were previously placed to repair the extrinsic volar 
ligaments are now tied. The origins of the short radio- 
lunate and radioscaphocapitate ligaments are repaired in 
particular to avoid late volar subluxation or ulnar trans¬ 
location, respectively. Réduction and stability of the fixa¬ 
tion is confirmed both visually and radiographically. The 
ulnar column is exposed in the case of distal radioulnar 
joint instability and the ulnocarpal ligaments are reat- 
tached. Large ulnar styloid fractures require internai fixa¬ 
tion with screws or tension band wiring. This procedure 
usually restores a concentric distal radioulnar joint. In 
the presence of persistent instability, the distal radioulnar 
joint is examined and evacuated of any interposed tissue. 


followed by repair of the ulnocarpal ligaments. Persistent 
instability can be addressed by pinning the distal radioul¬ 
nar joint in midsupination. 

Additional stability to the construct can be provided with 
the use of an external fixator or radiolunate pin. 



FIGURE 29-4 Screw fixation of the styloid fragment in a group 2 
dislocation. 
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COMPLICATIONS 

The most common complication foliowing radiocarpal dis¬ 
location or fracture-dislocation is residual loss of motion 
and instability. On average, a patient can expect to lose 30% 
to 40% of total arc of wrist flexion/extension. The other 
major complication is posttraumatic arthritis related to 
residual articular step-off. Chronic radiocarpal and distal 
radioulnar instability or ulnar translation of the carpus are 
more common with group 1 in jury patterns. Some patients 
may présent with chronic anterior or ulnar translation when 
the gravity of the initial in jury has been missed. 17 Less com- 
monly, septic arthritis, tendon rupture, and hardware irrita¬ 
tion hâve been reported. 4,12 

OUTCOME 

Mudgal et al 6 reported on a sériés of 12 patients who pre- 
sented with a radiocarpal fracture-dislocation. Four cases 
were open injuries, 7 had neurologie compromise, 2 had 
an intercarpal ligamentous injury, and 5 had an associated 
injury. Excluding patients with concomitant intercarpal 
in jury, the mean wrist motion at the final folio w-up consisted 
of 53° of extension, 59° of flexion, 82° of pronation, and 74° 
of supination. These results are consistent with the other 
large sériés in the literature, which indicate that an overall 
30% to 40% decrease in total arc of wrist flexion-extension 
can be expected folio wing successful open treatment. 4,5,14,18 

Three of 12 patients of sériés of Mudgal et al 6 and of Girard 
et al 5 had evidence of radiocarpal arthritis. Schoenecker et al 9 
reported that 4 of the 6 patients in their sériés developed 
arthritis. Five out of 6 patients in the sériés by Le Nen et al 19 
had some narrowing of their radiocarpal joint. Oberladstàtter 
et al 18 reported 5 patients out of 8 having mild-to-moderate 
arthritis. We found that 3 of our 27 patients developed radio¬ 
carpal arthritis (Fig. 29-5). 

Factors prédictive of poor outcome include open injury, 
complété radiocarpal ligamentous avulsion, associated 
nerve injury, intercarpal ligamentous injury, and other 
body part injuries. Neurologie injuries are generally neura- 
praxic, and resolution can be expected with décompres¬ 
sion. More severe nerve compression or stretch injuries 
resuit in an inconsistent neurologie recovery. Nyquist and 
Stern 14 reported on 10 cases of open radiocarpal fracture- 
dislocations in which ail 10 were complicated by an asso¬ 
ciated injury and 7 involved neurologie compromise. At 
follow-up, ail patients had variable and inconsistent recov¬ 
ery of sensibility. 

In 2001 we published a sériés of27 cases of recent radiocar¬ 
pal dislocations. Four were volarly displaced and 23 dorsally. 
Twenty patients were males and 7 were females, with an aver¬ 
age âge of32.3 years (18-58). Thirteen patients dislocated their 
rightwrist, 13 their left wrist, and it was not detailed in 1 case. 
Ail dislocations were closed injuries and 17 patients presented 
with associated lésions. Only 3 patients had no associated 
lésions while medical data were lacking for 7 patients. 



FIGURE 29-5 Early degenerative changes in a group 1 radiocarpal dis¬ 
location. A. Narrowing of the joint space. B. Ossification of the injured 
anterior ligaments is seen on the latéral view. 


Fourteen patients presented at the time of in jury with a 
distal radioulnar joint lésion: 1 patient p resented with an irre- 
ducible distal radioulnar joint dislocation due to the interpo¬ 
sition of the flexor digitorum profundus of the small finger. 
Four patients had a severe distal radioulnar joint instabil¬ 
ity that required radioulnar stabilization with K-wires. The 
other 9 patients had an ulnar styloid fracture. 
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Group 1 patients included 2 cases of pure dislocation: 
1 anterior and 1 poster ior who presented 4 days after trauma. 
Under anesthésia, these 2 cases proved to be highly unstable, 
with persistent subluxation and ulnar translocation after 
close réduction. Both cases required percutaneous K-wire 
stabilization. Two patients had a posterior radiocarpal dis¬ 
location with associated ulnar styloid fracture. One patient 
who was treated conservatively developed an ulnar translo¬ 
cation of the carpus while still in his cast. He refused further 
treatment and, at the 6-year follow-up, was still able to work 
as a garage mechanic. 

Three patients had a dorsal radiocarpal dislocation with 
a fracture of only the tip of the radial styloid. Two developed 
a global carpal ulnar translocation while the other had an 
ulnar translocation of the carpus with a late development of 
an increased scapholunate gap. 

Patients in group 2 presented with a radiocarpal dis¬ 
location and an associated fracture of the scaphoid fossa 
of the radius. We found that the configuration of the 
radial styloid fracture line was ver y horizontal and never 
extended ulnar to the scaphoid fossa. Posteriorly, the liga- 
mentous injury presented most often as a capsuloperios- 
teal avulsion. 

Three patients presented with anterior radiocarpal dislo¬ 
cation, of whom 2 had an associated fracture of the scaphoid 
fossa and 1 only chip fracture of the anterior margin of the 
radius. Seventeen patients presented with dorsal radiocarpal 
dislocation and a scaphoid fossa fracture. 

Group 1 patients (n = 7) were reviewed at an average 
follow-up of 26.8 months. Four reported slight pain and 
1 moderate pain. Pronation was 76°, supination 66°, wrist 
flexion 54°, wrist extension 54°, radial inclination 15°, and 
ulnar inclination 18°. The average grip strength was 35 kg. 
One patient was highly unstable at the time of in jury. His 
carpus was fixed with K-wires and at a 16-month follow-up, 
his carpus remained stable under fluoroscopie évaluation. 
The 4 other patients developed an ulnar translocation of 
the carpus without scapholunate dissociation in 3 and with 
scapholunate dissociation in 1. 

Group 2 patients ( n = 20) were reviewed at an average 
follow-up of 53 months. Among the 13 patients available 
for follow-up, 6 reported no pain, 4 slight pain, and 2 mod¬ 
erate pain. Mean pronation was 62°, supination 75°, wrist 
flexion 50°, wrist extension 55°, radial inclination 21°, and 
ulnar inclination 38°. Average grip strength was 37 kg. Six 
patients presented with complications: 1 patient developed 
a K-wire infection and septic arthritis that was treated with 
splinting and intravenous antibiotics. She required a sec- 
ondary distal ulna resection for DRU J stiffness. One patient 
had a pronosupination déficit and was treated with a 
Sauvé-Kapandji procedure. Three patients developed post- 
traumatic arthritis due to the persistence of an articular 
step-off. One also had a secondary flexor tendon rupture. 
Another patient had a persistent chronic posterior sublux¬ 
ation of the carpus on x-rays. 


CONCLUSION 

Radiocarpal dislocations are rare and severe injuries. 
Classification in 2 groups helps to understand the best treat¬ 
ment option. In group 1, ligamentous injuries are more 
important and should be addressed to avoid instability. In 
group 2, adéquate bony fixation provides stability. However, 
in both groups, the associated lésions may limit the func- 
tional recovery and should be addressed at the same time. 
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CAUSES OF DISTAL RADIOULNAR 
JOINT INSTABILITY 

Mechanism of Distal Radioulnar 
Joint Instability 

The distal radioulnar joint (DRUJ) is a cylindrical joint con- 
sisting of the sigmoid notch of the radius, the head of the 
ulna, triangular fibrocartilage complex (TFCC), and the 
dorsal and palmar joint capsules. 1,2 The TFCC also consists 
of the articular dise, radioulnar ligament (RUL), ulnolunate 
ligament, ulnotriquetral ligament, meniscus homologue, and 
sheath floor of the extensor carpi ulnaris (ECU). 3,4 The RUL 
is considered the primary stabilizer of the DRUJ throughout 
forearm rotation. 4-6 It originates from the fovea of the ulna 
and the base of the ulnar styloid process, passes on the proxi¬ 
mal surface of the TFCC, and is bifurcated into dorsal and 
palmar portions. The dorsal portion then attaches to the very 
dorsal edge of the sigmoid notch of the radius and the pal¬ 
mar portion attaches to the very palmar edges of the sigmoid 
notch of the radius (Fig. 30-1). 7,8 

The DRUJ has incongruity since the diameter of the 
sigmoid notch of the radius is larger than that of the ulnar 
head. This incongruity leads to slight dorsopalmar transla¬ 
tion between the radius and ulna during pronation-supina¬ 
tion motions (Fig. 30-2). 1,2 This DRUJ incongruity is more 
obvious in the neutral and palmar positions, while the DRUJ 
becomes taut likely due to balancing of the pronator quadra- 
tus (PQ) and ECU muscles in the supinated position. 2 

Some investigators defined DRUJ instability as a static 
dislocation or subluxation of the joint detected by CT, 9 even 
though patients with DRUJ dislocation are rarely r eported. 
Clinically, patients with DRUJ instability do not clearly dem- 
onstrate dislocation of the DRUJ. They may often report a 
“click” or “slack” during forearm rotational movements. 10 
The “click” or “slack” is probably due to a small abnormal 
translation or a “clunk-like” motion of the radius to the ulna 
during dynamic motion (Fig. 30-3). 10 Dislocation should 


represent the static situation rather than the dynamic. 9 
Rupture of the entire or distal structure of the interosse- 
ous membrane (IOM) of the forearm and TFCC would be 
needed to produce static dislocation of the DRUJ; however, 
small abnormal movements between the radius and ulna 
within the DRUJ can occur at spécifie positions during 
dynamic forearm rotation to produce a case of “dynamic” 
DRUJ instability 10 (Fig. 30-3). 

The précisé mechanism of producing DRUJ instability has 
not yet been completely revealed. There are several factors 
that may influence DRUJ instability such as bony incongru¬ 
ity due to forearm bony malunion, altered axis of rotation, 
soft tissue in jury of the TFCC and IOM, and dynamic fac¬ 
tors producing muscle deficiency, primarily of the PQ and 
ECU. 10 Since the TFCC is a primary stabilizer for the DRUJ, 
a torn TFCC produces DRUJ instability. Avulsion of the RUL 
from the fovea of the ulna may induce severe DRUJ instabil¬ 
ity, because the ulnar fovea is the widest attachment area for 
the RUL (Fig. 30-1). 4,5,11 

Palmer 12 classified TFCC tears into traumatic (Class 1) 
and degenerative (Class 2) tears. Traumatic TFCC tears were 
also subclassified as central tears (IA), ulnar tears (IB), distal 
tears (IC), and radial tears (1D) based on the clinical patterns 
seen with radiocarpal arthroscopy. 12 Palmer IB tears are also 
recognized as peripheral tears of the TFCC, which may be 
associated with an ulnar styloid fracture. This is because the 
TFCC attachment to the ulnar styloid had been reported ini- 
tially in the 1980s and 1990s. As the TFCC is anchored to 
the ulnar fovea and base of the styloid, a hyperrotation force 
or dislocation force applied to the RUL from the ulnar head, 
such as in fall, may disrupt the RUL not only from the ulnar 
styloid but also from the fovea. 13,14 

A foveal detachment of the TFCC is clearly évident 
in clinical practice. 13,14 Atzei 15 recently subclassified the 
Palmer IB tear into a distal component, a proximal compo- 
nent, or both (complété). An isolated foveal detachment is 
équivalent to a proximal component tear. A central slit tear 
(IA) does not demonstrate severe DRUJ instability. Radial 
avulsion (1D) of the TFCC, including both or either the 
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Pronation 




FIGURE 30-2 Illustration of the DRUJ during pronation-supination, 
which indicates slight dorsopalmar translation between the 2 bones 
during the pronation-supination motion. 


dorsal or palmar rim (where the RUL passes), also reveals 
DRUJ instability, 16 while a radial tear inside the TFC, com- 
monly seen in clinical practice, may not produce DRUJ 
instability. 

The distal portion of the TFCC is like a hammock, which 
includes, surrounds, and supports the ulnar carpus, and is 
very stable with 2 tight anchors to the fovea. Once the anchors 
are disrupted, the hammock is unsteady. DRUJ stability can 
be achieved by reanchoring the RUL, with arthroscopic or 
open repair, 14 or reconstruction using the palmar is longus 
tendon. 17 


FIGURE 30-1 Histologie section of the DRUJ, consisting of the radius, 
ulna, lunate, triquetrum, triangular fibrocartilage (TFC), and radioul¬ 
nar ligament (RUL). Vertical origin of the RUL from the wide area of 
the ulnar fovea is noted (arrow). 


Clinical Evaluation of DRUJ Instability 

There are several clinical or physical techniques used to 
assess DRUJ stability. These testing maneuvers include the 


Clunk-like motion 
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FIGURE 30-4 MRI of TFCC foveal detachment. Note the high-signal- 
intensity area at the fovea without a low-signal ligament structure 
(arrow). 


ulnocarpal stress test, fovea sign, and DRU J instability test. 
The ulnocarpal stress test is effective for assessing a TFCC 
tear. Tenderness on the palmar side of the base of the ulnar 
styloid is a positive foveal sign and suggests a foveal tear. 18 
Tenderness of the dorsal aspect of the fovea may also indicate 
foveal detachment. The most reliable physical test for DRUJ 
instability is the ballottement test, in which dorsopalmar sta- 
bility between the ulna and radius is examined in the neutral, 
pronated, and supinated positions. 14,19 There may not be a 
foveal tear when a firm “end point” is felt, which indicates 
ligamentous restraint. A complété foveal detachment would 
resuit in a situation in which no “end point” is found, dem- 
onstrating multidirectional DRUJ instability. A partial RUL 
tear would clinically présent with a firm “end point” with 
increased excursion in either the dorsal or palmar direction. 
The piano-key sign, which présents as a floating ulnar head 
in the pronation position, may also help to diagnose a foveal 
avulsion. 

MRI can clearly demonstrate a TFCC tear including foveal 
detachment (Fig. 30-4). An arthrogram also shows pooling 
of the dye at the fovea and inclusion of the dye between the 
TFCC and ulnar fovea when there is TFCC foveal detach¬ 
ment (Fig. 30-5), or dye infiltration into the proximal side 
of the TFCC. 



FIGURE 30-5 Arthrogram of foveal tear. Dye infiltrâtes to the fovea 
lésion of the TFCC that indicates a foveal avulsion (arrow). 


Radiocarpal arthroscopy using a 1.9- to 2.7-mm arthro- 
scope can successfully evaluate TFCC injuries. The 3-4 por¬ 
tai is used for the arthroscope and the 4-5 or 6R portai is 
used for the probe during the procedure. Associated soft tis- 
sue in jury, such as scapholunate interosseous ligament tears, 
can be detected through radiocarpal arthroscopy. The distal 
surface of the TFCC can also be visualized during radiocar¬ 
pal arthroscopy. In DRUJ instability patients, radiocarpal 
arthroscopy can only demonstrate the loss of the trampoline 
effect and the loss ofperipheral tension (positive hook test 15 ) 
in the dise in those with foveal disruption, since the TFCC is 
not continuously connected to the ulna. 

This author recommends DRUJ arthroscopy for évalu¬ 
ation of the foveal origin of the RUL, which can directly 
visualize a TFCC rupture (Fig. 30-6). The DRUJ (distal) por¬ 
tai is just 5 mm proximal to the 6R portai, just ulnar to the 
extensor digiti minimi tendon and just distal to the head of 
the ulna. Saline is used to expand the DRUJ. Mosquito for¬ 
ceps divide the subeutaneous tissue, and then the tip of the 
mosquito forceps is advanced until it reaches the head of the 
ulna. The forceps are then used to gradually divide and pen- 
etrate the upper side of the DRUJ joint capsule and then to 
enter the joint. The mosquito forceps are next used to guide 
the 1.9-mm scope into the DRUJ. 
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FIGURE 30-6 DRUJ arthroscopy offers direct visualization of the 
ulnar head, radial sigmoid notch, proximal surface of the TFCC, fovea, 
and RUL. This case shows an absence of the dorsal portion of the radio¬ 
ulnar ligament (RUL). The palmar portion of the RUL is intact. 


is more secure and accurate than when done arthroscopically. 
Techniques described are suited for wrists with a neutral or 
minus variance. A certain shearing stress is expected to be 
présent between the ulnar head and the sutured site of the 
TFCC, which may induce subséquent rupture of sutures in 
wrists with a positive ulnar variance. The positive ulna should 
be leveled into a neutral ulnar variance b y an ulnar shortening 
procedure when open repair or reconstruction is indicated. 
This author prefers reconstruction (reattachment) of the 
TFCC using an ECU half-slip tendon when more than 1 year 
has passed since the initial in jury, or if there is too much RUL 
destruction to allow for ligament repair. 

CONTRAINDICATIONS 

Contraindication for this technique includes massive and 
complété TFCC destruction, such as that found in patients 
with rheumatoid arthritis. Another contraindication is 
severe DRUJ degeneration or osteoarthritic change, which 
should be treated with a Sauvé-Kapandji reconstruction, or 
ulnar head resection. 


The DRUJ space including the fovea area can easily be 
seen in cases of foveal detachment because the DRUJ is 
loose. 14 It is difficult to visualize the foveal area with DRUJ 
arthroscopy when the TFCC is completely attached to the 
ulna without any DRUJ instability, although the joint sur¬ 
face of ulnar head and sigmoid notch of the radius can eas¬ 
ily be seen. Arthroscopy for DRUJ instability présents with 
several possible RUL findings, including: (1) complété foveal 
detachment, depicting an empty RUL, vacant ligament tissue 
surrounded by synovial tissue and fragile scarring; (2) partial 
avulsion on either the dorsal or palmar portion of the RUL, 
which indicates moderate DRUJ instability that has either a 
palmar or dorsal end point; (3) relaxation of the ligament 
corresponding to partial healing of a partial RUL tear, indi- 
cating mild DRUJ instability where the end points are obvi- 
ous in both the palmar and dorsal directions, but the DRUJ is 
lax when compared with the contralatéral side. 14 


INDICATION 

We reserve arthroscopic repair for a relatively acute or new 
injury (up to 6 months after the initial injury), and complété 
or partial ulnar disruption of the TFCC at the fovea. 14 Younger 
patients (up to 50 years old) appear to be the best candidates 
for the arthroscopic procedure due to their greater RUL heal¬ 
ing potential. An open repair technique is suitable when 
DRUJ arthroscopy visualization of the RUL indicates scar or 
synovial healing without ligament tissue. This open repair 
technique can be indicated for acute and chronic cases within 
1 year after the initial in jury. Refreshment of the fovea area can 
be done in an open fashion with the open technique, which 


TECHNIQUES 

Arthroscopic Transosseous TFCC Repair 

The underlying concept of this technique is based on the 
TFCC anatomical characteristics. 15 There is a line between the 



FIGURE 30-7 Basic concept of the arthroscopic transosseous TFCC 
repair. The line between the point on the ulnar cortex 10 to 15 mm 
proximal from the tip of the ulnar styloid (corresponding to the small 
ulnar prominence just proximal to the ulnar head) and ulnar half of 
the TFC passes through the fovea lésion theoretically. Theoretically the 
TFCC can be sutured to the fovea with an outside-in pullout technique 
if the stitches are introduced into this area. 






Chapter 30 Causes and Management of Acute and Chronic Distal Radioulnar Joint Instability 


391 



FIGURE 30-8 Original targeting device. 


ulnar half area of the TFC, including the apex of the TFC, and 
a point that is 10 to 15 mm proximal from the ulnar styloid 
(corresponding to the point just proximal to the ulnar promi- 
nence) passing through the center of the fovea, which serves 
as the isométrie point of the forearm rotation 5 (Fig. 30-7). 
The foveal area is debrided by a small shaver inserted from 
the DRUJ-ulnar portai after foveal detachment of the TFCC 
is confirmed by DRUJ arthroscopy. An original target device 
(Fig. 30-8; Nakashima Medical, Okayama, Japan) is inserted 
through the 4-5 or 6R portai and an approximately 1-cm 
longitudinal incision is made on the ulnar side of the ulnar 
cortex, at a point 10 to 15 mm proximal from the tip of the 
ulnar styloid, with the periosteum elevated. A small spike on 
the target device is set on the ulnar half of the TFC. Two sepa- 
rate small holes are made from the ulnar cortex with a 1.2-mm 
K-wire attached to the ulnar half of the TFC (Fig. 30-9). 
A 21-gauge injection needle, in which a 4-0 nylon loop stitch 
had been set, was then passed through 1 tunnel from the 
outside into the radiocarpal joint. This was then repeated 
through the other bone tunnel. Mosquito nonhook forceps 
from the 4-5 or 6R portai pulled out both loop stitches. Then, 



FIGURE 30-9 A 1.2-mm K-wire is drilled from ulnar side of the ulnar 
to the ulnocarpal joint using a target device. 



FIGURE 30-10 A 21-gauge needle with a 4-0 nylon loop stitch is 
passed from the ulnar cortex to the ulnar half of the TFC. This draw- 
ing indicates that 2 nonabsorbable 3-0 polyester stitches are introduced 
from the RC joint to the ulnar cortex with loop stitches. 


2 nonabsorbable 3-0 polyester sutures (TiCron, Covidien, 
Mansfield, Massachusetts) were introduced from the RC 
joint to the ulnar cortex by loop stitches (Fig. 30-10) to make 
an outside-in pullout suture of the TFCC to the fovea. The 
TFCC was then tightly sutured to the ulnar fovea with this 
technique to restabilize the DRUJ (Fig. 30-11). 



FIGURE 30-11 Diagram o f arthroscopic TFCC transosseous repair. 
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FIGURE 30-12 The shaver is inserted into the DRUJ through the DRUJ-ulnar portai. 


One practical pitfall of this procedure is in refreshment 
of the fovea area through DRUJ arthroscopy. The ulnar por¬ 
tai is used for the DRUJ shaver, which is just 5 mm ulnar to 
the DRUJ (distal) portai. Care must be taken not to dam¬ 
age the arthroscope when the DRUJ-ulnar portai is made. 
Ideally, 2 trocars are prepared, 1 for the scope and 1 for the 
shaver. Before introducing the scope and shaver, 2 trocars 
are securely inserted into the DRUJ (Fig. 30-12). This author 
prefers open repair or reconstruction when DRUJ arthros¬ 
copy revealsless RUL healing potential, such as when there is 
severe scarring or synovial thickening without any ligamen- 
tous tissue. 


TFCC Open Repair 

A dorsal C-shaped skin incision is used extending from the 
4-5 or 6R portai and the DRUJ portai. After the C-flap is 
elevated, the superficial sensory branches of the ulnar nerve 
need to be preserved. The sixth extensor compartment is 
opened and the ECU retracted. The dorsal DRUJ capsule 
is elevated from the ulnar head with a scalpel to expose 
the DRUJ after the radial ridge of the ECU sheath floor is 
released. A small ring elevator is inserted into the DRUJ to 
dislocate the ulnar head (Fig. 30-13), which is easily done if 
there is a foveal disruption of the TFCC. 13,14 

The condition of the RUL fibers can be assessed by pulling 
the distal remnant with a pair of forceps to détermine whether 



FIGURE 30-13 Opening of the DRUJ through the sixth compartment. 
The ring retractor is inserted to dislocate the ulnar head. The arrow 
indicates a TFCC avulsion at the fovea. 
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FIGURE 30-14 The RULcondition is checked with forceps. 


it can be sutured (Fig. 30-14). The fovea région is debrided of 
scar tissue and 2 small holes are made with a 1.2-mm K-wire, 
as close to the center of the fovea as possible, which is an 
isométrie point on the ulna during forearm rotation. Two 
3-0 nylon or polyester sutures are passed through the first 
bone hole from the ulnar fovea to the latéral cortex of the 
ulna using 21-gauge needles. The disrupted RUL is sutured 
with a double 3-dimensional mattress and a locking suture 
technique (Figs. 30-15 and 30-16). The ECU is reduced to the 
sheath and then repaired. The dorsal DRUJ capsule is ana- 
tomically repaired with closure of the ECU sheath. 

Practical tips of the open procedure include: ( 1) the open- 
ing site of the DRUJ; (2) précisé positioning of the 2 bone 
tunnels; and (3) the suture method. This author prefers 
opening of the sixth compartment, which is the closest and 
most direct route to the fovea. Garcia-Elias recommended 
opening the fifth compartment; however, this incision must 
damage the dorsal area of the TFCC. 13 The 2 bone tunnels 
must be the closest to the center area of the fovea origin of 
the RUL. When the bone tunnels are made at an eccentric 
position, the range of forearm rotation should be reduced. 
This author recommends the double mattress anchor- 
ing method 13 on the ECU sheath floor for secure suturing, 
because the simple in-out technique through the dise has the 
potential risk of cutting through the stitches on the dise. 

TFCC Reconstruction Using the ECU 
Half-slip Tendon 

This reconstruction technique is suitable for a chronic (at least 
6 months after the initial in jury) or a severely or completely 



FIGURE 30-15 Two nonabsorbable 3-0 polyester sutures are intro- 
duced from the fovea to the ulnar cortex. The TFCC is tightly repaired 
to the fovea with an open pullout technique. 



FIGURE 30-16 Diagram of an open transosseous TFCC repair. Solid 
lines represent the sutures. 
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FIGURE 30-17 The First step of TFCC reattachment. The distally 
based half-slip of the ECU attaches the TFCC to the ulnar fovea. 


damaged TFCC at the ulnar fovea, ail of which demonstrate 
severe DRU J instability. The technique described is suited 
for wrists with the neutral or minus ulnar variance. Ulnar 
shortening is performed in wrists with a positive variance to 
be equalized to the neutral variance before reconstruction. 

The same incision as for open repair through the sixth 
compartment is made to explore the DRUJ. A 3-cm longi¬ 
tudinal incision of the ECU sheath at the DRUJ is made and 
the ECU is dislocated outside. After the radial ridge of the 
ECU subsheath is longitudinally eut, the dorsal capsule of 
the DRUJ appears just beneath the ECU subsheath. Elevating 
the dorsal DRUJ capsule from the ulnar head by surgical 
knife opens the DRUJ. A small ring elevator is inserted into 
the DRUJ to dislocate the ulnar head. 

The condition of the RUL fibers must be examined by 
pulling the distal remnant with the forceps to détermine 
whether it can be sutured. Reattachment of the TFCC using 
the ECU half-slip is suitable when a severely damaged or 
fragile RUL is noted. 

The fovea of the ulna is refreshed and scar tissue is 
removed to expose the bone marrow for TFCC reattachment. 
One bone tunnel is made with a 2.5-mm diameter drill from 
the center of the fovea to the ulnar cortex. The position of the 
bone tunnel at the fovea is as close to the center of the fovea 
as possible, which serves as an isométrie point on the ulna 
during forearm rotation. 5 The distally based ECU half-slip 
tendon is harvested (Fig. 30-17), and then introduced into 
the TFCC from this distal small incision made at the radio- 
carpal joint level, passing through the TFCC, and attached 
to the DRUJ surface at the fovea (Fig. 30-18). The palmar 
portion of the RUL is sutured to the half-slip of the ECU ten¬ 
don at the RUL origin. The ECU half-slip was subsequently 
anchored to the ulnar fovea with a small titanium interfér¬ 
ence screw to reattach the TFCC (Fig. 30-19). An additional 
horizontal mattress suture is used for closure of the 5-mm 
longitudinal incision at the dorsal portion of the RUL. The 
remaining ECU is reduced to the sheath, which is stitched 



FIGURE 30-18 Illustration of the technique. The remnant TFCC is 
sutured to the ECU half-slip at the fovea. The ECU half-slip is passed to 
the ulnar tunnel made by a 2.5-mm diameter drill to the ulnar cortex. 
A small bone peg is already inserted to the bone tunnel at the fovea. 


back. The dorsal DRUJ capsule is automatically reset with 
closure of the ECU sheath. 


POSTOPERATIVE COURSE 

Two weeks of long-arm casting and a subséquent 3 weeks 
of short arm casting are necessary following arthroscopic 
or open TFCC repair and reconstruction using the ECU 
half-slip tendon. Active ROM exercises are initiated after 
removal of the cast at 5 weeks after the surgery. Passive ROM 
exercise with the aid of an occupational therapist may be 
needed if there is loss of forearm rotation at 7 weeks follow¬ 
ing the surgery. Full pronation-supination range can usually 
be achieved at 8 to 9 weeks after the operation foliowed by 
initiation of isométrie muscle strengthening exercises with 
a weight up to 3 kg. The weight may be increased to 5 kg 
at 3 months following surgery. The patient may be back to 
normal sports activity levels 6 months after TFCC repair and 
9 months after reconstruction. 
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FIGURE 30-19 Schematic of the Final step of TFCC reattachment. 
The small interférence screw is set at the fovea to anchor the TFCC. 
The small longitudinal incision is sutured. 


pain remained in 2 wrists. Récurrence of pain was found 8 to 
12 months after the surgery in 4 wrists. Mild pain was noted 
in 3 wrists postoperatively at the final follow-up. There was 
no loss of range of rotation preoperatively and 25 wrists indi- 
cated full range of pronation and supination postoperatively, 
but 1 wrist displayed a 45° loss of supination postoperatively, 
following an open DRUJ release. DRUJ instability was found 
in ail wrists preoperatively. There was no p ostoperative DRUJ 
instability in 19 wrists. Moderate-to-severe DRUJ instability 
was noted in 7 wrists. Final clinical results obtained included 
15 excellent, 3 good, 4 fair, and 4 poor results with the DRUJ 
evaluating System. 14 


Open TFCC Repair 

We treated 66 TFCC tears with an open transosseous repair. 
There were 36 males and 28 females, with a mean âge of 
31 years. The injured side included 37 right wrists, 25 left 
wrists, and 2 of these patients had bilateral injuries. The time 
period between the initial in jury and the operation averaged 
5 months (range, 0 months to 25 years). Ulnar variance was 
positive in 13, neutral in 50, and minus in 3 wrists. The fol¬ 
low-up period averaged 3 years (range, 2-9 years). Relief of 
pain, range of pronation/supination, and DRUJ stability were 
evaluated. 14 

Sixty among 66 wrists indicated no pain following open 
foveal repair of the TFCC. Severe pain remained in 2 wrists 
at final follow-up. There was no preoperative loss of forearm 
range of rotation, but 1 wrist showed a 45° loss of supination 
postoperatively. DRUJ instability was found in ail wrists pre¬ 
operatively, and postoperative DRUJ stability was achieved 
in 56 wrists. Moderate-to-severe postoperative DRUJ insta¬ 
bility was noted in 4 wrists. The final clinical results obtained 
were 56 excellent, 6 good, 2 fair, and 2 poor with the open 
repair. 


OUTCOMES 

Arthroscopic Transosseous Repair 

We treated 26 wrists with arthroscopic transosseous repair 
techniques. There were 14 males and 12 females, with a mean 
âge of 28 years. The injured side included 13 right wrists and 
13 left wrists. The time period between the initial injury and 
the surgery averaged 8 months (range, 1 month to 4 years). 
Ulnar variance was +2 mm in 5 wrists, +1 mm in 1 wrist, 
0 mm in 18 wrists, and -1 mm in 2 wrists. The mean postop¬ 
erative follow-up period was 3.5 years (range, 12-60 months). 
AU cases demonstrated ulnar detachment at the fovea. Pain, 
range of forearm pronation-supination, and DRUJ instabil¬ 
ity were examined in ail cases. The clinical évaluation System 
including relief of pain, range of pronation/supination, and 
DRUJ instability was used for DRUJ évaluations. 14 

Seventeen of 26 wrists indicated no pain after arthroscopic 
transosseous repair of the foveal TFCC detachment. Severe 


TFCC Reconstruction 

Since 1998, we treated 29 wrists having ulnar detachment 
of the TFCC with our reconstruction technique using a 
half-slip of the ECU tendon. There were 19 right, 8 left, and 
1 bilateral wrist patients with an average âge of 34.8 years 
(range, 13-68). Ail complained preoperatively of ulnar-sided 
wrist pain and severe DRUJ instability. Neutral ulnar vari¬ 
ance was présent in 23 wrists and positive in 6 wrists. Ulnar 
shortening equalized the abutmentbeforethe reconstruction 
in the positive variance wrists. The time period from the ini¬ 
tial in jury to surgery was 1 month to 48 years. 

Twenty-six wrists indicated no pain and slight pain 
remained in 3 wrists following surgery. Complété restabiliza¬ 
tion of the DRUJ was achieved in 26 wrists; however, there 
remained moderate DRUJ instability in 2 wrists postopera¬ 
tively. Severe DRUJ instability remained in 1 wrist. There 
were 25 excellent results, 2 good results, 1 fair resuit, and 
1 poor resuit. 
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DISCUSSION 

Recent anatomical and biomechanical studies hâve advanced 
our knowledge of repair methods for TFCC foveal disrup- 
tion. 5,7,8 The TFCC can be thought of as a hammock, which 
surrounds and supports the carpus with 2 tight anchors to 
the fovea corresponding to the dorsal and palmar portions 
of the RUL. Once both anchors are disrupted, the hammock 
is unsteady and unstable. DRUJ stability can be restored by 
reanchoring the RUL. 14 The direction of the sutures is best 
when they are placed parallel to the direction of the vertical 
RUL fibers. 7,8 Because of the isométrie nature of the RUL, 5 
the fibers must be attached to the center of the fovea. 13,14 

Avulsion of the TFCC from the fovea may induce DRUJ 
instability, 11 but the conventional arthroscopic capsular 
repair technique of the TFCC to the dorsal or ulnar joint 
capsule 20 ' 22 does not reconstitute the foveal origin, where the 
RUL mainly arises. There are several papers on arthroscopic- 
assisted transosseous repair techniques of the TFCC. Atzei 
explored the foveal lésion arthroscopically and used a mini¬ 
incision to insert a bone anchor at the fovea. 15 Iwasaki and 
Minami 23 used a 2.9-mm drill hole made from the proximal 
ulnar cortex to the fovea under fluoroscopie control with 
a radiocarpal arthroscopically assisted suture of the TFCC 
to the ulnar periosteum. We also obtained excellent clinical 
results with arthroscopic transosseous repair techniques, 14 
which reattach the TFCC into the fovea directly. 

Open repair is a more reliable repair technique. 24-27 In 
this technique, refreshment of the fovea area is easy 13,14 ; thus, 
it is indicated for chronic cases within 1 year of the initial 
in jury. Although the incision is relatively longer than with 
arthroscopic repair, we obtained excellent clinical results 
than arthroscopic repair. 

Our reconstruction technique using the ECU half-slip 
tendon for chronic, se ver e DRUJ instability cases produced 
excellent clinical results. There were several described recon¬ 
struction techniques using the palmaris longus tendon, 28,29 
indicating invasive techniques for both the radius and ulna. 
Our reattachment technique has a real anatomical basis for the 
reattachment of the TFCC to the ulnar fovea, which resulted 
in excellent DRUJ stability and excellent clinical results. 
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RATIONALE AND BASIC SCIENCE 

Ulnar head and neck fractures are typically associated with 
high-energy injuries involving damage to the distal radius, 
and they hâve been reported to occur with an incidence of 
5.6% in 1 sériés of distal radius fractures. 1 Isolated injuries of 
the ulnar head or neck do occur but are very rare. 2-4 Biyani 
identified 4 main patterns of ulnar head and neck fractures, 
based on whether the fracture is intra-articular or extra- 
articular, has styloid involvement, or displays evidence of 
comminution (Fig. 31-1). Nonoperative treatment of dis- 
placed ulnar head and neck fractures can hâve relatively poor 
outcomes, with 1 sériés showing only 60% of patients achiev- 
ing a good or excellent resuit 1 while several small sériés of 
ulnar head and neck fractures treated with plate fixation 
hâve shown promising results. 5-7 Herein, we will describe 
current options for surgical fixation of head and neck frac¬ 
tures of the ulna. 

Distal Ulna Anatomy 

To fully appreciate the implications of ulnar head and 
neck fractures on wrist function, one must understand the 
anatomy of the distal ulna and associated distal radioulnar 
joint (DRUJ). The distal aspect of the ulna has 3 main osse- 
ous components: the ulnar head, styloid, and fovea. The 
ulnar head can be further subdivided into the pôle and 
seat. The pôle of the ulna articulâtes with the triangular 
fibrocartilage complex (TFCC), while the seat of the ulna 
articulâtes with the sigmoid notch of the radius 8 (Fig. 31-2). 
The radius of curvature of the seat of the ulna is smaller 
than the sigmoid notch and the resuit of this différence in 
curvature is that only 20% of the DRUJ stability stems from 
the bony morphology. 9,10 Therefore, dynamic and static 
ligamentous stabilizers are required to maintain articular 
congruity. Three main structures are usually identified 
as being critical to DRUJ stability: (1) the TFCC; (2) the 
extensor carpi ulnaris (ECU) tendon and subsheath; and 
(3) the distal interosseous ligament (DIOL). 11 



The anatomy and biomechanics of the TFCC hâve been 
described by both Palmer and Werner. 12,13 The TFCC con- 
sists of the ulnolunate and ulnotriquetral ligaments, the 
ulnar collateral ligaments, and a central dise. The dorsal 
and volar edges of the TFCC essentially form the dorsal and 
volar radioulnar ligaments that stabilize the DRUJ. These 
ligaments originate from the dorsal and volar margins of 
the ulnar side of the lunate fossa and near the distal sig¬ 
moid notch. Both the dorsal and volar radioulnar ligaments 
attach in 2 locations on the distal ulna—the deep fibers into 
a broad, vertical space on the fovea and the superficial fibers 
to a narrower, more horizontal area on the base of the ulnar 
styloid. 10,14 It is thought by some that the foveal insertion of 
the radioulnar ligaments is more important for DRUJ stabil¬ 
ity 14 and this may explain why ulnar styloid fractures hâve 
varying effects on DRUJ instability. 

Mechanism of Injury 

Isolated ulnar head fractures can be classified into two 
categories—head fractures alone or head fractures with 
extra-articular ulnar involvement (such as the ulnar 
styloid). 15 The literature on these isolated injuries is limited 
to small case sériés, exemplifying their rare nature. 2,3,16 One 
proposed mechanism of an isolated ulnar head fracture is a 
direct blow to the ulna while in full supination. 2 

The more common mechanism of a distal ulnar fracture 
is a fall on the hand and wrist that also produces a distal 
radius fracture. The combination of these two fractures is 
significant due to the high likelihood of an associated liga¬ 
mentous in jury. To aid in the understanding of these frac¬ 
tures, Orbay proposed a classification System for ulnar-sided 
injuries that accompany distal radius fractures. The crux of 
this classification is the sequential loss of ligamentous stabil¬ 
ity with increasing se ver it y of in jury 11 (Fig. 31-3). In Type A, 
energy absorbed by the impact from the hand is transmitted 
to the carpal bones and subsequently to the distal radius. If 
the energy is not sufficient to break the ligamentous attach- 
ments of the distal radius, the radius fractures but remains 
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FIGURE 31-1 Biyani’s classification System for distal ulnar fractures. (Reproduced with permission from Biyani et al. 1 Copyright Elsevier.) 


nondisplaced. In Type B, a higher amount of energy causes 
rupture of the ligaments attaching the radius and ulna, with 
the TFCC and ECU subsheath rupturing first, often with an 
associated ulnar styloid fracture. This allows displacement 
of the distal radius fragment, but the DIOL often remains 
intact, likely because of its proximal attachment to the ulna. 
If this is the case, restoration of the bony architecture of the 
distal radius will restore the length-tension relationship of 
the DIOL and provide adéquate stabilization of the DRUJ. In 
Type C, the displacement is so severe and the energy so great 
that the DIOL also ruptures, resulting in an unstable DRUJ 
requiring repair or reconstruction. This classification how- 
ever has inhérent variations depending on the presence and 
quality of the DIOL. In fact, there is an increasing awareness 
of the presence of anatomie variations in the DIOL (such as 
the distal oblique bundle [DOB]) 17 and their importance on 
stability of the DRUJ. 18 For example, the absence of a DOB 
of the DIOL was found to be associated with a significant 
increase in DRUJ laxity in the neutral forearm position. 19 



FIGURE 31-2 Axial view of a cadaveric dissection of the distal ulna 
demonstrating the head, pôle, seat, and styloid process. 


The decision for operative treatment relies on a global 
évaluation of the function and stability of the DRUJ. Injuries 
that produce instability or limitation of motion represent 
clear operative indications. A displaced fracture of the seat 
of the ulna could limit rotation or lead to arthritis and pain 
with forearm rotation. A fracture of the pôle of the ulna may 
affect the TFCC or interfère with normal motion around the 
lunate and triquetrum, while a fracture through the fovea 
may disrupt the radioulnar ligaments and compromise 
DRUJ stability. 

Ulnar Styloid Fractures 

Much has been written about operative treatment of ulnar 
styloid fractures, particularly in the setting of distal radius 
fractures, but the variable results make the decision to treat 
these injuries controversial. Some authors hâve reported that 
fractures involving the ulnar styloid are associated with DRUJ 
instability, 20 particularly fractures involving the base of the 
styloid and those with displacement >2 mm. 21 Other authors 
hâve observed no evidence of increased instability in distal 
radius fractures with concomitant ulnar styloid fractures 22 ; even 
nonunited proximal ulnar styloid fractures hâve been found to 
hâve no effect on wrist function or pain. 23 Our preference is to 
assess the DRUJ stability (measuring translation of t he radius 
relative to the ulna in neutral rotation, pronation, and supi¬ 
nation) after open réduction and internai fixation (ORIF) of 
the distal radius fracture, and then proceed with ulnar styloid 
fixation and/or foveal repair if instability is présent. 

INDICATIONS 

The idéal candidates for ORIF of fractures of the ulnar head 
and neck are patients who hâve suffered a displaced fracture 
(Fig. 31-4) with good soft tissue around the fracture. This is 
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FIGURE 31-3 Orbay’s System for sequential loss of ligamentous stability. A. Type A injury. This injury is found in minimally displaced distal radial 
fractures (fracture line b) and in fractures of both radius and ulna that occur just proximal to the distal interosseous ligament (fracture line a). B. Type B 
in jury. Although rupture of the triangular fibrocartilage complex and the extensor carpi ulnaris tendon sheath occurs, the distal interosseous ligament 
remains intact. Distal radioulnar joint subluxation is corrected, and adéquate stability is restored after anatomie réduction of the skeletal structures. 
The distal ulna and/or the ulnar styloid may fracture (fracture lines a, c, and d) or may not be fractured (line b). This is the concomitant DRUJ in jury 
found in most displaced distal radial fractures. C. Type C injury. This is the concomitant DRUJ injury found in the Galeazzi fracture (fracture line a), 
fractures of the distal radius with radioulnar diastases (fracture lines b and c), and some high-energy comminuted distal radial and ulnar fractures. 
(Reproduced with permission from Orbay . 11 Copyright Elsevier.) 
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particularly important for patients with resultingincongruity 
of the DRUJ, as conservative management results in weaker 
grip and residual pain. 24 Criteria for considering operative 
treatment of the distal ulna include diaphyseal translation 
>1/3 or angulation >10°. 25,26 Patients with a complex frac¬ 
ture dislocation of the ulna (those in which réduction is 
blocked by interposed soft tissue) or articular displacement 
should undergo ORIF. DRUJ instability that persists follow- 
ing internai fixation of a distal radius fracture is also treated 
with ORIR 

There is no idéal âge range for repair of the distal ulna; 
however, mild DRUJ instability will be better tolerated by 
elderly, low-demand patients. Open fractures are treated 
urgently. Combined, displaced fractures of the radius and 
ulna are ideally treated within the first fewdays after in jury. 
The distal radius fracture should be fixed first as many dis¬ 
tal ulnar fractures will be reduced, or considerably improved 
in alignment, foliowing an anatomie réduction of the distal 
radius. Distal ulnar fractures that remain unstable or dis¬ 
placed, or that block forearm rotation, can then be reduced 
and stabilized. 


CONTRAINDICATIONS 

General contraindications include the patients general med¬ 
ical State, an inadéquate soft tissue envelope, and the prés¬ 
ence of preexisting DRUJ arthritis. Severely comminuted 
fractures with complété or near-complete loss of the ulnar 
head articular surface are likely best served with a salvage 
technique such as arthroplasty or resection. Severe osteopo- 
rosis andpoor bone quality may also présent a challenge for 
stabilization of the fracture fragments with internai fixation. 
In severely comminuted fractures with poor bone quality, 
conservative treatment of the ulna with a later salvage proce¬ 
dure may be considered as well. 


SURGICAL TECHNIQUE 

Prior to surgery ail radiographs and imaging are reviewed, 
paying particular attention to the obliquity of the DRUJ and 
the ulnar variance. Arthritis and cystic changes consistent 
with impaction should be identified as these findings may 
direct treatment. For instance, if findings for impaction are 
présent, slight shortening of the ulna may be accomplished 
during ORIF. Similarly, if there is radiographie and symp- 
tomatic DRUJ arthritis, a resection or implant arthroplasty 
may be reasonable. 

The patient is positioned supine with a well-padded non- 
sterile arm tourniquet. If the patient is intubated, the endo¬ 
trachéal tube should be on the opposite side of the injured 
arm. The arm is then prepared with usual stérile technique 
and draped with the distal arm, elbow, and forearm posi¬ 
tioned in the center of the table (Fig. 31-5). The elbow can 
then be flexed to 90° to allow unrestricted access to the ulnar 



FIGURE 31-5 The hand, forearm, and elbow are prepped, draped, and 
centered in the middle of the table. The elbow may be flexed to 90° or 
the forearm pronated to allow direct access to the distal ulna. 


aspect of the distal ulnar head and neck. A wrist traction 
tower with finger trap traction may be useful to hold the 
forearm in this position. Alternatively, the forearm may be 
pronated for dorsal exposure to the DRUJ if needed for an 
intra-articular fracture or for a foveal TFCC repair. 

For unstable fractures or displaced fractures our prefer- 
ence is to use a Y-, T-, or L-shaped 2.0-mm locking plate 
(Fig. 31-6A and B). The exact choice of implant is dépendent 
upon the configuration of the fracture fragments. Condylar 
blade plates and fragment-specific implants are also good 
options to achieve stable fixation. 6 

For fractures that can be reduced and stabilized from the 
direct ulnar approach, a longitudinal incision is made in the 
interval between the ECU and flexor carpi ulnaris (FCU). 
The dorsal sensory branch of the ulnar nerve (DSBUN) is 
identified and protected (Fig. 31-7). The extensor retinacu- 
lum is divided longitudinally and then the capsule and peri- 
osteum are incised while protecting the ECU tendon dorsally 
in the groove of the distal ulna. 

Displaced ulnar head fractures that require open réduc¬ 
tion are approached dorsally. The incision is placed over the 
DRUJ, the DSBUN is identified and protected, and then the 
fifth extensor compartment is identified and incised, releas¬ 
ing the tendon (Fig. 31-8A). The floor of the fifth com¬ 
partment is incised with a transverse limb proximal to the 
dorsal radioulnar ligament, folio wed by a longitudinal inci¬ 
sion placed about 2 mm from the sigmoid notch forming an 
“L”-shaped flap (Fig. 31-8B). Reflection of the flap provides 
wide access to the ulnar head (Fig. 31-8C). If a plate is needed 
for the neck fracture and exposure is needed for the head 
in jury, a longer incision will allow for greater exposure to the 
DRUJ in addition to the ulnar exposure for plate application. 

Folio wing fracture réduction, temporary K-wires are 
inserted in a position that will not interfère with the planned 
plate position. The distal location of the plate is guided by a 
K-wire inserted from an ulnar to radial direction just beneath 
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FIGURE 31-6 A. Locking plates are availabié in a variety of shapes; the 
sélection of one is dictated by the fracture pattern. B. Latéral view of the 
locking plate shows the distal smoothpegs and more proximal screws. 


the TFCC to mark the distal end of the ulna. The distal end of 
the plate is then positioned against this K-wire and the proxi¬ 
mal portion centered on the ulna. The position is checked 
with fluoroscopy. A distal locking peg is inserted with the 
plate directly on the bone, taking care to ensure that the 
drill hole is unicortical and does not penetrate the opposite 



FIGURE 31-7 Cadaveric dissection demonstrating the direct ulnar 
approach. The dorsal sensory branch of t he ulnar nerve is identified 
in the subcutaneous tissues and protected throughout the procedure. 
Splitting the interval between the extensor carpi ulnaris (ECU) and the 
flexor carpi ulnaris (FCU) provides adéquate visualization of the ulnar 
head and neck. 


subchondral bone. Once the peg or screw is inserted and 
locked to the plate, it is checked again to make sure it does 
not penetrate the ulnar head. This can be inspected with 
multiple fluoroscopie views along with careful examination 
of pronation and supination in an attempt to elicit any crepi- 
tus or block to motion. The plate is then initially secured to 
the ulna proximally with a nonlocked s crew to compress the 
plate to the bone. 

Following inspection of the provisional fixation, the 
remaining locking screws and pegs are inserted into the dis¬ 
tal fragment. Two screws or pegs are often sufficient, while 
some larger fragments may allow additional pegs or screws. 
The angle of the second or third distal peg may be varied 
to capture other fragments as needed. Interfragmentary 
screw fixation outside of the plate may be used for articular 
fractures as well. If the plate is applied volarly, care must 
be taken to ensure that the plate does not affect pronation 
or supination and that the tips of the pegs do not interfère 
with the ECU tendon within the dorsal groove of the ulna. 
Fixation of the plate to the ulna proximally is completed 
by either locking screws or bicortical nonlocking screws 5 
(Fig. 31-9). When basilar ulnar styloid fractures are also 
présent, fixation can be obtained with a figure-of-eight 
suture around the plate or through the plate holes or a usual 
tension band technique through the bone. We prefer suture 


















402 


Section IV Distal Radioulnar Joint 



FIGURE 31-8 A. Dorsal approach to the ulnar head demonstrating an 
incision over the fïfth extensor compartment with release of the tendon. 
B. Démarcation of an L-shaped incision through the floor of the fïfth 
compartment. C. This approach allows wide access to the ulnar head for 
réduction of fractures. 



(2-0 braided, undyed) instead of wire since little force is 
required to maintain the réduction of the styloid once 
the radius is reduced. Furthermore, this avoids the poten- 
tial complication of broken hardware. Foveal repair of the 
TFCC may also be incorporated into the repair. 



FIGURE 31-9 AP and latéral x-rays of the same fracture after ORIF of 
the distal radius and ulna. The patient achieved union of both fractures. 


Closure is in layers with repair of capsular tissue and then 
repair of the extensor retinaculum over the hardware using 
buried knots with 4-0 suture. The patient is immobilized in 
a sugar-tong splint with the forearm in neutral rotation while 
immédiate finger and shoulder range of motion exercises are 
initiated. Immobilization of the forearm is often continued for 
up to 3 weeks, but motion may be advanced to gentle active 
forearm rotation through a short arc of rotation (30° of prona¬ 
tion and supination) alternating with a resting long arm splint 
at 7 to 10 days if the patient is comfortable. Wrist and fore¬ 
arm motion are then advanced depending on the presence of 
a distal radius fracture. With stable fixation of the ulna and 
radius, motion may begin in most planes when comfortable. 
Pronation and supination are carefully monitored, advancing 
from an initial arc of 30° of pronation to 30° of supination. 
A short arm splint is then used and subsequently discontin- 
ued once 45° of pronation and 45° of supination are achieved. 
When soft tissue repairs hâve been required, initial splinting 
in neutral rotation may be required for 6 weeks. 

Practical Tips 

• Most distal ulnar fractures are associated with a distal 
radius fracture. Therefore, treatment should begin with 
réduction and stabilization of the radius first. 
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• Next, the réduction of the distal ulna and the stabil- 
ity of the fracture are examined. Unstable fractures or 
those with significant articular displacement are t hen 
reduced and stabilized. 

• If an ulnar styloid fracture accompanies the ulnar head 
and neck fractures, the DRUJ is examined after the 
radius and ulnar fractures are reduced and stabilized. 
If instability is présent, the styloid is also reduced and 
stabilized. 

• When applying smaller plates, precontouring (AO tech¬ 
nique) may be required to minimize gapping of the 
opposite cortex if compression is also applied across the 
fracture. 

• Minimal soft tissue dissection is idéal to preserve the 
blood supply to the distal radius and ulna. 

• The ulnar plate may be placed extraperiosteally to mini¬ 
mize soft tissue disruption. 

• The initial distal fixation to the head and neck fragment 
allows the plate to assist with réduction of the ulnar shaft. 

• Multiple fluoroscopie views must be obtained to make 
certain that there is no prominent hardware within the 
DRUJ, the ulnocarpal joint, or the ECU groove. 

Potential Pitfalls 

• The DSBUN must be identified and protected to prevent 
painful dysesthesias—K-wires and implants must not 
impinge or entrap the nerve. 

• Positioning of the plate directly on the ulnar border may 
resuit in prominent hardware. Depending on t he fracture 
pattern, the plate may be placed volarly with care taken 
to ensure that it does not interfère with pronation and 
supination. 

• Fractures that include the diaphyseal ulna should be 
treated with standard plating techniques (3.5-mm 
LCDCP) for forearm fractures. 

• The ECU groove should be inspected to ensure there is no 
hardware présent within the sulcus. 

Controversies 

The optimal fixation for distal ulnar fractures has not been 
established. K-wire fixation of the distal ulna to the radius 
can be considered, although this technique remains chal- 
lenging, may not provide adéquate alignment or stability, 6 
and has limited capability with osteoporotic bone. 

An alternative method is condylar blade plate fixation as 
initially described by Ring et al. 6 In this technique, an ulnar 
incision is made utilizing the interval between the ECU and 
FCU. Provisional fixation is obtained with K-wires, foliowed 
by application of the plate to the médial ulna. The blade plate 
track is drilled, confirmed with fluoroscopy, and the plate is 
contoured to fit along the ulnar diaphysis. The screw adja¬ 
cent to the blade is next inserted to bring the plate to the 
bone and the remaining proximal screws are inserted. 


Another technique utilizing an intrafocal pin plate for 
distal ulnar fracture fixation has been described by Foster 
and Bindra. 7 The intrafocal pin plate consists of a long, 
S-shaped stem with a locking 1-hole or 2-hole plate. A 2-cm 
longitudinal skin incision is centered over the fracture 
site along the subeutaneous border of the ulna. Dissection 
proceeds between the FCU and ECU as described above. 
The pin is then inserted into the medullary cavity to its max¬ 
imum depth (Fig. 31-10). Réduction is achieved and veri- 
fied with fluoroscopy as the distal fragment is aligned with 
the proximal fragment. Locking screws are utilized in the 
plate to stabilize the distal fragment and prevent subsidence. 
The low-profile nature, locked screw capability, and minimal 
dissection requirementf or this device make it a viable option 
in the osteoporotic, elderly patient. 

Associated ulnar head articular fractures may be repaired 
with screws independent of a plate 3 and ulnar styloid frac¬ 
tures may be secured with a tension band configuration. 

COMPLICATIONS 

Complications following distal ulnar fractures hâve been 
described with both operative and nonoperative treatments. 
In patients undergoing nonoperative treatment of distal 
radius fractures with concomitant distal ulnar fractures, non- 
union or malunion resulting in restricted supination and pro¬ 
nation may occur. Biyani et al 1 reported a nonunion incidence 
of 13% in their sériés of comminuted distal ulnar fractures. 

McKee et al 27 reported on 4 cases of distal radial non- 
unions with associated distal ulnar shaft fractures. Of these 
4 patients, there was concomitant ulnar nonunion in 3 cases. 
Sequelae from nonunion as well as malunion may include 
progressive deformity, pain, and loss of motion or func- 
tion. Radial déviation of the hand and wrist as a resuit of 
malunion can lead to ulnar head prominence. Ulnar head 
prominence (ulnar positive variance) can lead to increased 
load across the ulnocarpal joint, 28 thus limiting motion or 
producing painful impaction. Similarly, excessive fracture 
callus formation and synostosis can greatly diminish fore¬ 
arm rotation and function. 

Paresthesias, particularly in the distribution of the 
DSBUN, may be encountered postoperatively. Despite care- 
ful protection of the nerve throughout the procedure, rétrac¬ 
tion alone can often resuit in paresthesias. Most of these 
sensory déficits represent a neurapraxia and often recover 
by 3 months after surgery. 5 Malunion or hardware problems 
may cause pain or stiffness requiring révision or hardware 
removal. 

OUTCOMES 

We reported a rétrospective review of 5 patients with a dis¬ 
tal radius fracture who underwent locked plate fixation of a 
concomitant unstable distal ulnar fracture. 5 The average âge 
was 52 years (range, 47-61 years) with an average foliow-up 
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FIGURE 31-10 Diagram of fixation utilizing a pin plate. The intramedullary portion of the plate is threaded through the fracture site and the plate 
is turned 180° to allow réduction. Locking screws are then utilized to fix the plate to the distal fragment. (Reproduced with permission from Foster 
and Bindra. 7 Copyright Elsevier.) 



of 11.6 months (range, 6-17 months). There were 2 open a nd 
3 closed fractures. Fracture patterns reviewed in the study 
included 1 simple neck, 1 comminuted neck, 1 head, and 
2 head and neck fractures of the distal ulna. Ail distal radius 
fracture implants were locked volar plates. AU distal ulnar 
and distal radius fractures healed. The average postoperative 
wrist motion was: flexion 59°, extension 59°, pronation 67°, 
and supination 72°. The average grip strength was 97% of the 
opposite extremity. The ulnar variance averaged -0.4 mm 
(-2.5 to 1.5 mm), the average radial inclination was 20° 
(range, 18°-23°), and the average volar tilt was 8° (range, -2° to 
12°). AU DRUJs were stable. Using the modified Gartland and 
Werley rating score, there were 4 excellent results and 1 good 
resuit. No patient in the sériés required hardware removal. 

Ring et al reviewed the results of condylar blade plate fixa¬ 
tion of an unstable distal ulnar fracture associated with a dis¬ 
tal radius fracture in 24 patients at an average foliow-up of 
26 months (range, 12-50 months). 6 There were 1 simple frac¬ 
ture of the ulnar neck, 20 comminuted fractures of the ulnar 
neck, and 3 fractures of the head and neck. The final aver¬ 
age wrist motion was: 50° of flexion (range, 30°-80°), 52° of 
extension (range, 40°-90°), 76° of pronation (range, 45°-90°), 
and 70° of supination (range, 45°-90°). The grip strength 
averaged 64% of the uninjured extremity (range, 35%-100%). 
RadiographicaUy the average palmar tilt of the distal articu- 
lar surface of the radius was 8° (range, 0°-20°), ulnar inclina¬ 
tion 21° (range, 15°-25°), with an ulnar positive variance of 


1 mm (range, 0-4 mm). According to the modified Gartland 
and Werley score there were 6 excellent, 15 good, and 4 fair 
results. Two patients required repeat surgery f or a nonunion 
and 7 required hardware removal. 

For patients with severely comminuted ulnar head or neck 
fractures, restoration of the articular surface may not be pos¬ 
sible. In this setting, salvage procedures should be considered. 
Satisfactory results hâve been shown for patients undergoing 
distal ulnar resection. Ruchelsman et al 29 reviewed 11 patients 
who underwent distal ulnar resection for comminuted distal 
ulnar fractures performed in conjunction with distal radial 
fixation. Postoperatively, the mean wrist flexion measured 
53° and wrist extension measured 52°. The mean postopera¬ 
tive supination measured 77° and pronation measured 81 °. 
The mean grip strength measured 90% of the contralatéral 
side with 8 of 11 patients achieving equal contralatéral grip 
strength. Ail distal radius fractures achieved union in their 
sériés and ail patients experienced good to excellent results. 29 
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Arthroscopy of distal radioulnar joint (DRUJ) has only 
recently become more widespread. 1-3 Arthroscopic évaluation 
of the DRUJ represents an innovative tool of strategie impor¬ 
tance for the diagnostic évaluation and treatment of this joint. 
It allows for the visualization of the articular cartilage, capsule, 
and the triangular fibrocartilage complex (TFCC). 

This chapter will présent the anatomy and biomechanics 
of the DRUJ, and the technique of DRUJ arthroscopy and 
discuss its indications and surgical applications. 

INDICATIONS 

The DRUJ is susceptible to traumatic and posttraumatic 
changes or inflammatory and degenerative disorders that 
can produce pain and functional impairment. 

Arthroscopy allows for inspection of the articular surfaces 
of both the ulnar head and sigmoid notch. 4 Posttraumatic or 
degenerative cartilage defects, loose bodies, or osteophytes 
can be visualized and eventually treated. DRUJ synovitis, 
following traumatic or systemic inflammatory conditions 
(including goût and rheumatoid arthritis), can be e valuated 
and treated arthroscopically. Posttraumatic DRUJ stiffness 
can be treated by an arthroscopic arthrolysis as well. 

DRUJ arthroscopy allows for the récognition and treat¬ 
ment of isolated detachment of the foveal insertion of the 
TFCC in which the capsular attachments are still preserved. 3 
Through DRUJ arthroscopy, the avulsed radioulnar liga¬ 
ment (RUL) is debrided and the “vacant fovea” is freshened 
to permit repair via transosseous sutures or bone anchors. 
Likewise, in the early stages of ulnocarpal impaction (UCI), 
the central dise may présent with only an isolated partial 
thickness tear on the proximal surface due to the local fric¬ 
tion against the prominent ulnar head. Yet the distal sur¬ 
face maintains a normal appearance when viewed from the 
radiocarpal joint. DRUJ arthroscopy allows for proximal 
dise debridement and wafer resection of the ulnar head, 
preventing the complété dise resection required to perform 
the procedure through the ulnocarpal (UC) joint. In addi¬ 
tion, more sophisticated salvage procedures for DRUJ post¬ 
traumatic or degenerative chondromalacia, like a Bowers 



resection arthroplasty or a Sauvé-Kapandji procedure, can 
be done arthroscopically. 6 

CONTRAINDICATIONS 

There are no absolute contraindications to DRUJ arthros¬ 
copy. It is relatively contraindicated in an extremely small 
joint that would increase the risk of iatrogénie damage. 
Radiographie evidence of degenerative changes will alert the 
surgeon to this risk. 


TECHNIQUE OF DRUJ 
ARTHROSCOPY 

The patient is positioned supine under régional anesthésia, 
usually brachial plexus block, with the arm abducted under 
tourniquet control. The wrist is positioned vertically with 
the elbow flexed to 90°, as for a standard wrist arthroscopy. 
Finger traps are placed on the index and middle (or ring) 
Angers with 3 to 5 kg of traction using some type of trac¬ 
tion tower. 7 In such a small and narrow joint, use of a wide- 
angle 1.9-mm arthroscope is preferred for the easy access 
and reduced risk of damage to the intra-articular structures. 
In our expérience fluid distention of the DRUJ is not neces- 
sary, since it rarely improves the quality of view achieved by 
the simple joint distraction provided by the traction tower. 
Particularly if we expect to perform an arthroscopic pro¬ 
cedure or an open surgical approach after arthroscopy, we 
prefer to use the “dry arthroscopy” technique. 7,8 Presently, 
we limit the use of saline to flush out the synovial liquid 
in intense DRUJ synovitis, and then the joint is dried with 
suction. During traditional “wet arthroscopy,” the synovial 
fringes float in front of the scope and prevent good vision, 
especially in this narrow joint. DRUJ arthroscopy usually 
follows a previous arthroscopic survey of the radiocarpal 
and midcarpal joints. The traditional DRUJ portais are on 
the dorsal aspect of the wrist: proximal (P-DRUJ) and distal 
(D-DRUJ) DRUJ portais. Recently other 2 portais hâve been 
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FIGURE 32-1 Drawings of arthroscopic portai to the DRUJ. A. Dorsal approach to the DRUJ with 3 portais: (#) preferred dorsal portai. B. Volar 
approach to the DRUJ with 2 portais: (*) preferred palmar portai. 


described: the direct foveal (DF) 9 and the volar DRUJ por¬ 
tai. 3 The DF portai is immediately under the 6U portai and 
is used as a working portai about the foveal insertion of the 
TFCC. The volar DRUJ portai is located on the volar aspect 
of the wrist immediately ulnar to the edge of the flexor ten¬ 
dons and it is used for scope and instrument introduction 
(Fig. 32-1). 

We prefer to start the DRUJ exploration through a dorsal 
portai that is located at a midpoint between the traditional 
P- and D-DRUJ portais (Fig. 32-2), in a triangular space 
that can be defined as the “médial soft corner,” which is 
below the insertion of the TFCC on the radius, at the point 
where the distal profile of the ulnar head curves to parallel 
the sigmoid notch (Fig. 32-3). After a 22-gauge needle is 
inserted to confirm correct portai placement, a longitudi¬ 
nal skin incision is made and a mosquito is used t o spread 
the subcutaneous tissues and penetrate the joint through 
the dorsal capsule, just below the TFCC and médial to the 
ulnar head. Care should be taken not to damage the exten- 
sor digiti minimi (EDM), running in the fifth dorsal com- 
partment. The 1.9-mm arthroscope is introduced through 
a cannula with a blunt obturator. The arthroscope is short 
enough to be grasped while keeping the index finger in con¬ 
stant contact of the skin of the wrist in order to stabilize 
and control the minute movements of the scope within the 
joint. Full wrist supination allows easier access to the DRUJ 
through the dorsal portais (Fig. 32-4). We recommend 


starting joint exploration by rotating the scope, rather than 
moving its tip inside the joint. Three important structures 
should be assessed: (1) the surface of the ulnar head, (2) 
the deep TFCC fibers and their foveal insertion, and (3) 
the sigmoid notch. DRUJ exploration starts with the scope 
rotated ulnarwards to observe the ulnar head at the bottom 
(Fig. 32-5) and the TFCC ligament above. A 22-G needle, 
introduced from the area of the DF portai, may elevate 
the ligament to obtain a better vision of the ulnar part of 
the TFCC that curves proximally to insert onto the fovea 
(Fig. 32-6). The sigmoid notch (Fig. 32-7) is visualized by 
rotating the scope 180° radialwards and foliowing the slope 
of the ulnar head that curves downward to face the radius. 
Wrist pronosupination is helpful for a thorough exploration 
of the opposing surfaces of the sigmoid notch and ulnar 
head (Fig. 32-8). 

Accessory working portais are required for probe or 
instrument introduction. In our expérience, the easiest por¬ 
tai to establish is the DF, which is located approximately 1 cm 
proximal to the 6U portai, just palmar to the ulnar styloid. 9 
Portai placement can be confirmed by the introduction of 
a 22-G needle under arthroscopic surveillance. The wrist 
is positioned in full supination so that the dorsal sensory 
branch of the ulnar nerve (DSBUN) is displaced dorsally, the 
scalpel cuts the skin only, and the path to the capsule is pre- 
pared by gentle spreading of the subcutaneous tissues with a 
mosquito and a blunt trocar. 
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FIGURE 32-2 Clinical localization of the dorsal DRUJ portai by needle followedby introduction of the trocar. 


The DRUJ volar portai is performed using a switching 
rod/trocar following a procedure similar to that proposed 
by Snyder for the création of the anterior portai of the 
shoulder. 10 

The arthroscope is inserted through D-DRUJ portai 
and its tip is pushed against the anterior capsule below the 
TFCC ligament; then the scope is removed and a blunt tro¬ 
car or switching rod is introduced into the cannula. It is 
pushed palmarward to perforate the capsule and tent the 
skin (Fig. 32-9A). In our expérience, the ulnar neurovascu- 
lar bundle has never been damaged in the execution of this 



FIGURE 32-3 Anatomical drawings of the position of the preferred 
DRUJ portai. 


technique. It is believed that the neurovascular structure 
is moved away by the gentle passage of the blunt trocar. A 
small stab wound is made over the tip of the trocar and the 
trocar and cannula are passed outside the skin (Fig. 32-9B). 
Then the trocar is removed and the cannula is used as a guide 
to introduce the probe or the shaver (full radius) into the 
joint (Fig. 32-10A and B). A standard shaver/burr or a small 
probe fits perfectly inside the cannula and the procedure is 
straightforward and safe (Fig. 32-11). 

The blunt tipped switching rod is necessary to switch the 
scope from the dorsal to the palmar side. The switching rod 
is introduced into the cannula protruding from the palmar 
portai. Then the cannula is removed from the dorsal portai 
to be introduced in the volar portai through the switching 
rod. Finally, the switching rod is removed to allow introduc¬ 
tion of the scope to observe the joint from the palmar side 
(Fig. 32-12A and B). 

SURGICAL PROCEDURES 

Synovectomy and Loose Body Removal 

These are the simplest and commonest procedures. 
Hypertrophie synovium is often found even in the healthy 
DRUJ and is localized mainly to the dorsal and volar edges 
of the sigmoid notch and close to the fovea. Use of a small 
shaver (1.9- or 2.5-mm full radius) is recommended. After 
resection of the pathologie synovitis, an injection of corti¬ 
sone with carbocaine and epinephrine is suggested to reduce 
bleeding and postoperative pain. 
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FIGURE 32-4 Drawing showing the introduction position of the arthroscope (red arrow) into the DRUJ: vision from the top. 


Loose bodies should be searched for among synovial 
fringes close to the fovea and in the proximal pouch of the 
joint. 

DRUJ Arthrolysis 

A DRUJ arthrolysis usually foliows a radiocarpal arthrol¬ 
ysis, but occasionally is performed as an isolated pro¬ 
cedure. 11 The prerequisite that ensures a good resuit for 
DRUJ arthroscopic arthrolysis is the préservation of a 


normal articular surface. Stiffness is due to capsular rétrac¬ 
tion, intra-articular fibrotic bands, and synovitis that in 
turn make arthroscopy more difficult. Two situations are 
encountered: (a) TFCC intact and (b) TFCC damaged with 
central perforation. 

a. When the TFCC is intact, it should be preserved 
and DRUJ arthrolysis is performed using dorsal and volar 
DRUJ portais. The scope is introduced in the preferred 
DRUJ dorsal portai and the instruments in the volar por¬ 
tai. At the beginning of the procedure, usually, fibrosis 



un 

FIGURE 32-5 Arthroscopic image of the DRUJ: triangular fibrocarti- 
lage complex (TFCC) and ulnar head (UH). 


FIGURE 32-6 Arthroscopic image of the TFCC insertion (blue 
arrows) at the fovea (red arrows): volar branch of the TFCC (TFCC VB) 
and dorsal branch of the TFCC (TFCC DB). 
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FIGURE 32-7 Arthroscopic images of the DRU joint: SN, sigmoid FIGURE 32-8 Arthroscopic images of the DRUJ: SN, sigmoid notch; 
notch; UH, ulnar head; (*) central insertion of the TFCC; (#) radial UH, ulnarhead. 
insertion of the volar and dorsal branches of the TFCC. 


does not permit good visualization and sometimes fluid 
is used to expand the joint and improve the vision. Once 
some vision is achieved and the tip of the instruments can 
be recognized, the fibrosis is progressively removed with 
a full radius resector or more aggressive motorized blade. 


From the arthroscopic point of view, the DRUJ includes 
2 spaces (Fig. 32-13): that which is between the TFCC 
ligament and the ulnar head, and the other between the 
ulnar head and the sigmoid notch. In a posttraumatic 
condition, both the spaces are involved. Fibrosis under 



FIGURE 32-9 Technical procedure to perform the volar arthroscopic portai. A. Trocar perforated the volar capsule and tented the skin (red arrow). 
B. Trocar passed the skin through a short incision (volar portai). 
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FIGURE 32-11 Position of arthroscope and shaver. The surgeon is 
positioned in front of the ulnar side of the wrist. 


the TFCC precludes any visualization by arthroscopy, 
and in the absence of a central TFCC perforation good 
visualization is difficult. In these conditions, we suggest 
introducing a blunt dissector between the TFCC and the 
ulnar head, and gently dissecting the adhesions. It could 
also be done by shaving using the traditional dorsal por¬ 
tais or the DF portai. The second space, lying between 
the ulnar head and the sigmoid notch, is affected by con¬ 
traction of the volar and dorsal capsule, which limits pro- 
nosupination. Fibrotic bands can be présent between the 
2 articular surfaces, as a resuit of a fracture involving 1 or 
both of them. Arthroscopic arthrolysis of this space starts 
with the scope in the distal dorsal portai and instruments 
in the proximal one. The dorsal and the volar capsule 
must be detached and/or resected (Fig. 32-14). An ante- 
rior capsulectomy improves supination and posterior 
capsulectomy improves pronation. To facilitate visualiza¬ 
tion and speed up this part of the procedure, a curved 
dissector is introduced into the joint from the proximal 
portai. By passing it from dorsal to volar, it is possible 
to detach the capsule from the margins of the sigmoid 
notch and eut the fibrotic bands. The radial and ulnar 
insertion of the TFCC ligament, as well as the articular 
surface of the ulnar head and sigmoid notch, must be 
preserved. Finally, after removing the wrist traction, gen- 
tle pronation and supination maneuvers are performed 
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FIGURE 32-12 Techniqueof changing the position of the trocar from the dorsal (A) to the volar portai (B) using a switching rod. 


to evaluate the amount of improvement in the range of 
motion (ROM). 

b. When the TFCC has a central lésion, the arthrolysis can 
start using radiocarpal arthroscopy, using the 3-4 and 6R 
portais, for the scope and instruments. The TFCC per¬ 
foration is enlarged as necessary to visualize the DRUJ. 
The procedure then proceeds by switching the scope to 
the 6R portai and introducing the motorized instrumen¬ 
tation and dissectors via the D-DRUJ portai. The fibrotic 
bands between the ulnar head and the sigmoid notch are 
resected and the volar and dorsal capsule detached as nec¬ 
essary. In this condition, an arthroscopic wafer resection 
is also required at the end of the procedure. 


Reattachment of the Foveal Detachment 
of the TFCC 

Isolated detachment of the foveal insertions of the TFCC is 
an uncommon form of TFCC peripheral tear that is associ- 
ated withDRUJ instability, which is a type 3 tear according to 
Atzei-EWAS classification. 4 In this type of lésion the TFCC 
appears normal from the radiocarpal joint but there is a posi¬ 
tive hook test, that is, the entire TFCC can be pulled radially 
and proximally with the hook probe. DRUJ arthroscopy is 
used to visualize the ruptured deep fibers and the “vacant 
fovea” (Fig. 32-15). 

With the scope in the D-DRUJ portai, the TFCC can be 
elevated with a probe and the RUL remnants can be debrided 
with a shaver via the DF portai. Through the same portai, a 
burr can be used to “refresh” the foveal area and préparé for 



TFCC ligament 


First joint space 



FIGURE 32-13 Drawings of DRUJ with adhérences and fibrosis. The 
dotted red line divides the articular spaces: the superior space is under 
the TFCC ligament and the inferior is the proper articular space. 


FIGURE 32-14 Drawing showing the technical procedure to resect the 
adhérences between the ulnar head and the sigmoid notch (red line) 
through the volar approach (red arrow). Dorsal capsule is also resected 
(dotted red line). 
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FIGURE 32-15 Arthroscopic image of the TFCC partial detachment 
from fovea insertion (black arrow). 


reattachment of the foveal fibers. We prefer to use a 4-strand 
suture attached to a bone anchor, introduced through the 
DF portai, under arthroscopic control (Fig. 32-16A-C). Each 
suture is threaded through a 22-G Tuohy needle that is intro¬ 
duced via the DF portai under the RULs and pushed upward 
to pierce the ligament (Fig. 32-16D). Then the suture can 
be retrieved in the UC joint via the 6U portai. The sutures 
are placed in pairs, 1 for each branch of the RUL, and tied 
with a gliding knot and a knot pusher through the 6U por¬ 
tai. For an optimal healing, the knot pusher compresses the 
RUL against the bleeding fovea and no suture material is 
interposed between the healing surfaces. Postoperatively, 
the patient is placed in long arm or Münster-type thermo¬ 
plastic splint for 4 weeks. Then wrist flexion/extension is 
started and progressive forearm rotation is allowed, but the 
splint is still worn between exercises until the sixth week. 
Progressive resisted wrist and hand strengthening exercises 
begin thereafter. Sport and heavy work tasks are allowed only 
after 3 months, according to the recovery of forearm muscle 
strength and endurance. 

OUTCOMES 

We examined 25 patients (12 women and 13 men), mean âge 
33 years (range, 13-69 years), who underwent an arthroscopi- 
callyassisted foveal reattachment from 2006 to 2009. Ata min¬ 
imum follow-up of 6 months (mean 31 months; maximum 
6 years), DRUJ stability was obtained in ail but 5 patients. 
Pain at rest and under stress was reduced, reaching a statis- 
tical significance (P <.001). Flexion/extension wrist motion, 
pronosupination, andgrip strength increased postoperatively. 
Overall objective wrist function was evaluated using the Mayo 


wrist score and results demonstrated a significant improve- 
ment (P <.001 ). Subjective hand function was assessed using 
both the DASH score and PRWE score. Both assessments 
demonstrated significant improvement (P <.001 ). 

Wafer Resection 

In the early stages of UCI, the central dise may show only 
partial thickness tear and attrition of the proximal surface 
against the prominent ulnar head, so that the distal surface as 
seen from the radiocarpal joint maintains a normal appear- 
ance and texture. In the typical case, however, the central 
dise is perforated. After debridement, the dise perforation is 
enlarged enough to provide good visualization and perform 
a wafer resection via the 3-4 and 6R portais. Forearm rota¬ 
tion facilitâtes the exposure of the ulnar head under the volar 
and dorsal margins of the TFCC to allow an adéquate resec¬ 
tion of the ulnar head. Conversely, in young subjects, when 
radiocarpal exploration reveals an intact TFCC, it is préfér¬ 
able to save the central dise and perform the wafer resec¬ 
tion via DRUJ arthroscopy. The scope is introduced in the 
D-DRUJ portai providing good visualization of the shaver 
and burr inserted though the DF or volar portai (Fig. 32-17). 
Limited forearm rotation is usually required. The tear of 
the proximal dise is debrided and the ulnar head resected 
up to the foveal insertion of the TFCC, taking care not to 
damage the ligamentous fibers. The technique is moder- 
ately more difficult, due to the close proximity of scope and 
instruments. Care should be taken at the time of introduc¬ 
tion of the burr, because its tip can be trapped in the soft 
tissues around the portais: use of a small cannula is advisable. 
Advantages of this procedure include reduced postoperative 
pain and the expected long-term benefit of a preserved load- 
bearing dise. 12,13 

OUTCOMES 

From 2002 to 2011 we operatedon 31 patients (18 males and 
13 females) with a mean âge of 40 years (range 17-63 years) 
with UCI. In 30 cases an ulna plus was présent. In 4 cases 
it was due to wrist fracture; in 3 cases it was secondary to a 
resection of the radial head. In 3 cases a distal radius mal¬ 
union coexisted. The arthroscopic wafer resection procedure 
gave good resuit in almost ail the cases, improving the pro¬ 
nosupination, reducing pain, and increasing grip strength. 
Only 2 cases (6%) underwent an open surgical révision for 
persistent symptoms due to secondary synovitis. The cases 
due to distal radius malunion improved despite the fact that 
the ulnar head remained in the same preoperative position. 
No complications were seen. 

Arthroscopic Sauvé-Kapandji Technique 

The arthroscopic Sauvé-Kapandji (ASK) is an arthroscopic 
modification of the original open technique 14 that consists 
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FIGURE 32-16 Arthroscopic reattachment of the TFCC through the DRUJ using a bone anchor. The scope is in the D-DRUJ portai and the DF portai 
is used for instrumentation (ie, the shaver to refresh the fovea) (A). The bone anchor is inserted into the fovea (B) and, at the end of the procedure, the 
sutures exit though the DF portai (C). Then the sutures are loaded on a needle that is introduced via the DF portai and pushed upward to pierce the 
TFCC and be retrieved from the radiocarpal joint ( D). 


of a DRUJ fusion and création of an artifïcial pseudarthrosis 
of the ulnar neck. It requires a combination of arthroscopic 
access to the DRUJ and a mini-open approach to the distal 
ulna and ulnar neck. The technique can be successfully used 
for the treatment of primary or secondary DRUJ osteoarthri- 
tis and in rheumatoid patients. An unstable or arthritic DRUJ 
with or without UCI foliowing a distal radius fracture is an 
idéal candidate for the ASK technique. 6 The first step of the 
procedure is radiocarpal arthroscopy, in which attention is 


focused to the UC joint, followed by DRUJ arthroscopy. The 
3-4 portai is used for the scope and 6R for the probe. The 
UC arthroscopy is used to assess the condition of the TFCC 
and cartilage of both the lunate and the triquetrum, as they 
may be damaged by a coexisting UCI that should be treated 
during the same sitting. The ulnar head is exposed through 
the perforated TFCC and the DRUJ can be approached from 
the UC joint. In order to remove the cartilage on both the 
ulnar head and the sigmoid notch, a D-DRUJ portai is used to 
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FIGURE 32-17 Arthroscopic image of wafer resection through the 
DRUJ. Scope in the D-DRUJ portai and burr in the DF portai. 


introduce a motorized “burr” and/or radio-frequency de vice 
(Fig. 32-18A and B), while the scope is positioned in the 6R 
portai. Use of a 3.5-mm burr is recommended to speed up 
cartilage debridement and suction removal of the débris. 
The cartilage removal from the DRUJ should be done with 
the wrist in neutral pronosupination, because this is the site 
of joint contact, where the arthrodesis should be performed. 
Forearm rotation in pronation and anteroposterior transla¬ 
tion of the ulnar head facilitate cartilage removal. When a suf- 
ficient area of subchondral bone is exposed on the opposing 
surfaces of both the ulnar head and the sigmoid notch, the 
forearm is positioned in neutral pronosupination to fix the 
DRUJ. Preliminary DRUJ fixation is achieved using a K-wire 
that is positioned anterior to the ECU tendon, under fluoro¬ 
scopie control. Then a short vertical skin incision is made on 
the ulnar aspect of the wrist to allow cannulated drilling and 
introduction of a 2.5- to 3.0-mm cannulated screw across the 
DRUJ over the previous K-wire. At this time, forearm rota¬ 
tion is blocked in neutral pronosupination. Forearm rotation 
can be restored only after the ulnar osteotomy. Under fluoro¬ 
scopie control, the correct level of the osteotomy, just proxi¬ 
mal to the ulnar neck, is checked. The previous vertical skin 
incision is continued proximally to the level of the ulnar oste¬ 
otomy, which is performed with an osteotome or oscillating 
saw. Usually, a bone block of 0.5 to 1 cm is resected from the 
ulnar neck. The screw across the DRUJ is then tightened to 
achieve optimal compression of the DRUJ. A 2.0-mm K-wire 
is drilled, parallel to the screw, to provide additional rein¬ 
forcement to the screw fixation and avoid undue rotation of 
the distal ulna (Fig. 32-19). After the bone block is removed 
from the ulna, forearm rotation is checked and the stability of 
the ulnar stump is also assessed. At the end of the procedure, a 
final arthroscopic évaluation can be done, and with the probe, 



FIGURE 32-18 A. Drawing showing the technical procedure to resect 
the ulnar head articular surface. B. Arthroscopic images of the ulnar 
head (UH) articular surface resection. SN, sigmoid notch. 


a good fixation and stability of the DRUJ can be appreciated. 
During ail the arthroscopic surgery, the DRUJ is ne ver surgi- 
cally exposed. Postoperatively, an above-elbow cast is worn 
for 2 weeks with the forearm in neutral pronosupination and 
the elbow flexed at 90°. Réhabilitation and physical therapy is 
continued for 1 month after the removal of the cast. 

OUTCOMES 

From 2003 to 2010, 4 patients (5 wrists) were operated on. 
The mean âge was 54 years (range, 32-78). The male patient 
had a primary arthritis of the DRUJ without sign of articular 
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FIGURE 32-19 PA x-ray view of Sauvé-Kapandji procedure. 


degeneration at the RC and MC joint. The youngest female 
had posttraumatic DRUJ and LT instability. She had 2 pre- 
vious unsuccessful procedures for the DRUJ instability 
(arthroscopic and open surgery, respectively). At the last 
wrist (DRUJ) arthroscopy ulnar head chondromalacia was 
seen without radiological signs of DRUJ degeneration. The 
last 2 patients had DRUJ contracture due to posttraumatic 
arthritis with ulnar dorsal subluxation and UC abutment 
due to previous wrist fracture. In these cases an arthroscopic 
wafer resection was combined with an arthroscopic-assisted 
S-K procedure. At a mean foliow-up of 52 months (range, 
96-10 months) 4/5 patients went on to union. The mean VAS 
pain score improved from 7 to 0 at rest and from 9 to 2 after 
heavy work. The mean ROM (pronosupination) and grip 
strength increased consistently. The 1 patient in which the 
procedure failed was noncompliant with the réhabilitation 
and follow-up. 

The patients who healed returned to their previous man- 
ual work. X-rays demonstrated complété fusion of the DRUJ 
in 4 cases, and a painless nonunion in the failed case. 

Arthroscopic Ulnar Head Resection 
Technique (Arthroscopic Modified 
Bowers Technique) 

Complété arthroscopic ulnar head resection 6 represents an 
extension of the technique of wafer resection. Thus, it créâtes 
a form of Bowers procedure, 15 in which the ulnar styloid and 
the foveal insertions of the RUL are preserved in continuity 
with the ulnar shaft (Fig. 32-20). An arthroscopic ulnar head 
resection is the simplest form of DRUJ arthroplasty to per- 
form. It is indicated in low-demand patients with advanced 
DRUJ arthritis, in which the foveal fibers are still competent. 
The procedure starts with the resection of the dôme of the 



FIGURE 32-20 Technical procedure o f arthroscopic Bowers procedure. 


ulnar head and continues proximally resecting the articu- 
lating portion of the ulnar head. The sigmoid notch must 
be left untouched. Dry arthroscopy can also be used. 7,8 A 
preliminary radiocarpal arthroscopic survey is performed, 
using the 3-4 portai for the scope and 6R for the probe and 
instruments. Often the TFFC shows a central perforation of 
the articular dise, which allows one to perform the resec¬ 
tion through the tear. If the dise is preserved, the proce¬ 
dure requires use of the D-DRUJ and volar portais for the 
scope. An arthroscopic synovectomy is the First step of the 
procedure. Then a 2.9-mm burr is used to perform a wafer 
resection of the ulnar dôme, in order to create space and to 
allow introduction of a 3.5-mm burr to speed up the proxi¬ 
mal resection. The burr can be switched from the D-DRUJ 
and volar portais, with the scope in the opposite DRUJ portai 
or in the 6R portai if the dise is perforated. Particular atten¬ 
tion is placed to preserve the volar and the dorsal limbs of 
the RUL and its foveal insertion and avoid secondary DRUJ 
instability. Careful management of the motorized burr should 
reduce the risk of damage to the flexor tendons and the ulnar 
neurovascular bundle or the EDM and ECU tendons around 
the D-DRUJ and volar portais, respectively. The ulnar stump 
is resected in a rounded fashion using slight f or earm rotation 
as for a wafer resection. As the resection of the ulnar head 
proceeds, the range of pronosupination increases. The resec¬ 
tion ends when the sigmoid notch is clearly visible, and suf- 
ficient pronosupination is restored, without impingement. 
Fluoroscopy could be useful to check the correct amount 
of ulnar head resection (Fig. 32-21). Postoperatively, an 
above-elbow cast is worn for 2 weeks with forearm in neu- 
tral rotation and the elbow flexed at 90°. Réhabilitation and 
physical therapy started after 2 weeks, and a Münster-type 
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FIGURE 32-21 X-ray images of arthroscopic Bowers procedure (black arrows): preoperative (A) and postoperative (B). Note that part of the proximal 
ulnar head was maintained to protect the DRUJ from the ulnar impaction. 


thermoplastic splint is worn between exercises for another 
2 weeks. Progressive resisted wrist and hand strengthen- 
ing exercises are started thereafter. The expected outcomes 
are usually good. However, such a procedure is not exempt 
from complications or unsatisfactory results as for the open 
surgery, even if it does not burn any bridges with regards to 
further open surgery 

COMPLICATIONS 

The ulnar side of the wrist is anatomically complex with 
vessels and nerves that run in close proximity to the DRUJ. 
This condition is favorable for complications. In our expé¬ 
rience, complété and partial lésions of the sensory nerves 
are rare. 16 One must be diligent to remember to use super- 
ficial skin incisions and perform the deeper dissection with 
blunt tipped instruments such as a mosquito forceps to 
enter into the DRUJ. Wehave no cases of infection. We hâve 
seen récurrence of DRUJ instability foliowing a failed foveal 
repair, persistent pain in the UC joint after a wafer resection, 
and insufficient improvement in pronosupination folio wing 
a DRUJ arthrolysis, and finally nonunion of the arthrodesis 
following an ASK procedure. 
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Salvage Procedures of the DRUJ 
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INTRODUCTION 

The distal radioulnar joint (DRUf) is a complex articula¬ 
tion, between the sigmoid notch of the distal radius and the 
ulnar head, allowing significant rotational and translational 
motion. Degenerative changes of the DRUJ can be caused 
by posttraumatic arthritis (distal radius fracture, malunion), 
inflammatory arthritis (usually rheumatoid arthritis), osteo- 
arthritis, or, rarely, long-standing DRUJ instability. Painful 
forearm rotation, increased pain with compression of the 
DRUJ, and decreased grip strength are the most common 
symptoms of DRUJ arthritis. 

Stability of the DRUJ dépends on bony and ligamentous 
structures including intrinsic stabilizers of the triangu- 
lar fibrocartilage complex (TFCC) and extrinsic stabilizers 
of the distal forearm. Because of these interdependencies, 
treatment of the DRUJ is challenging since it is difficult to 
restore the original anatomy and function. Several surgical 
techniques hâve been developed for the treatment of DRUJ 
arthritis. The current salvage procedures not using a pros- 
thetic implant include the Darrach procedure and its modi¬ 
fications, the hemiresection interposition technique (HIT), 
matched distal ulnar resection, and the Sauvé-Kapandji 
procedure. 

DARRACH PROCEDURE 

In 1912, Darrach described the resection of the entire ulnar 
head for the management of posttraumatic DRUJ disloca¬ 
tion. 1 Although distal ulnar resection had been previously 
reported, the procedure was popularized by Darrach and 
today it bears his name. The Darrach procedure has for many 
décades been considered the “gold standard” for manage¬ 
ment of chronic ulnocarpal or DRUJ arthritis. 2 ’ 3 However, 
numerous modifications of the Darrach procedure with 
soft tissue stabilization techniques hâve been proposed to 
reduce its major complications, radioulnar impingement and 
instability. 4-12 


Indications 

The general indication for a distal ulnar resection is any 
condition that causes incongruity or arthritis of the DRUJ 
(inflammatory arthritis, posttraumatic arthritis, osteoarthri- 
tis), with résultant pain or stiffness. 13-15 The idéal candidate 
for the Darrach procedure is a patient with a r elatively low- 
demand upper extremity without requirement of a load- 
bearing DRUJ. 3,15,16 

Contraindications 

In patients with inflammatory arthropathy and coexisting 
ulnar translocation, an isolated Darrach procedure without 
radiocarpal stabilization is contraindicated to avoid exacer- 
bating the ulnar translation. DRUJ instability in the patient 
without rheumatoid arthritis is considered a relative contra- 
indication to the Darrach procedure. 

Surgical Technique 

The procedure is performed under general or régional anes¬ 
thésia with the patient in supine position. The arm is sup- 
ported on a standard table used for upper extremity and a 
tourniquet is used. An oblique dorsal approach over the fifth 
dorsal compartment is made. 1,9 An ulnar-based rectangle 
of retinaculum is raised for reinforcement after distal ulnar 
resection and careful attention is paid to avoid damaging the 
dorsal cutaneous branch of the ulnar nerve. Then a longitu¬ 
dinal capsulotomy is made deep to the fifth compartment 
beginning proximal to the dorsal radioulnar ligament and 
proceeding in a distal direction. Careful subperiosteal dis¬ 
section allows élévation of a sleeve of periosteum along with 
the contiguous DRUJ capsule exposing the ulnar head. 

Osteotomy of the distal ulna is performed just proximal 
to the sigmoid notch and the entire head is then removed 
along with the entire ulnar styloid. Care should be taken not 
to perform the osteotomy more proximal than the sigmoid 
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notch. Next the edges of the distal ulna are trimmed and 
are smoothed with a small rasp. Closure is a critical element 
of the procedure and a secure multilayered closure is per- 
formed. The periosteum, DRUJ capsule, and retinaculum 
are repaired separately using nonabsorbable sutures and 
then routine skin closure foliows. The wrist is maintained 
in a long arm splint with the elbow at 90° for 3 to 4 weeks. 
Active elbow and forearm exercises can begin at that time. 
Strengthening without the splint can begin at 6 to 8 weeks. 
Full activity is allowed at 3 months postoperatively. 

The senior author (D.G.S.) described a modified Darrach 
procedure including distal ulnar resection combined with 
extensor carpi ulnaris (ECU) stabilization and a radial 
oblique osteotomy of the ulnar stump to prevent impinge- 
ment. 17 The patient is positioned supine with the affected 
extremity fully pronated on a hand-table extension. The 
operation is performed under general or régional anesthé¬ 
sia and tourniquet control. A vertical dorsal incision is made 
from the ulnar head and is extended 4 cm proximally with 
care taken to avoid the dorsal cutaneous branch of the ulnar 
nerve. This approach provides excellent exposure of the dis¬ 
tal ulna. 

The extensor retinaculum is opened between the fifth 
and sixth compartments and the ECU tendon is exposed. 
Subperiosteal flaps, including the radioulnar joint capsule, 
are sharply elevated with a scalpel in a longitudinal fashion 
from the distal ulna. The TFCC is sharply elevated away 
from the ulnar styloid and then is debrided. The flaps are 
protected until final closure. 

Osteotomy of the distal ulna for removal of the head is per¬ 
formed with a tr ans ver se osteotomy at the proximal extent of 
the sigmoid notch of the radius (Fig. 33-1). The radial border 



FIGURE 33-1 Schematic illustration of the proposed ostéotomies, 
transverse osteotomy of the distal ulna and radial oblique osteotomy of 
the ulnar stump. U, ulna. 



of the ulnar stump is then obliquely osteotomized and the 
sharp edges are smoothed with a small rasp (Fig. 33-2). The 
ECU tendon is then split longitudinally approximately 5 cm 
proximal to the resected end of the distal ulna. The radial 
half is harvested and the ulnar tendon strip remains intact. 
A 1/8-in bicortical drill hole is then made in the ulnar stump 
through a dorsal to volar direction (Fig. 33-3). Next the radial 
tendon strip is passed from volar to dorsal and is pulled taut 
with the wrist slightly ulnarly deviated (Fig. 33-4). The radial 
tendon strip then is sutured to itself, using a 2-0 nonabsorb¬ 
able suture, while the ulna is held volar (Fig. 33-5). The fore¬ 
arm is pronated and supinated while the surgeon palpâtes 
between the bones to ensure that a smooth arc of motion is 
possible without impingement. 



FIGURE 33-3 Intraoperative view of the bicortical drill hole in the 
ulnar stump through a dorsal to volar direction. U, ulna; black arrow, 
radial strip of the extensor carpi ulnaris tendon; blue arrow, ulnar strip 
of the extensor carpi ulnaris tendon. 
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FIGURE 33-4 Schematic illustration, the radial strip of the extensor 
carpi ulnaris tendon is passed through the drill hole (black arrow). 
The ulnar strip of the extensor carpi ulnaris tendon remains intact 
(blue arrow). 


Meticulous attention to closure is impérative. The sub- 
periosteal flaps and capsule are snugly imbricated over the 
distal ulnar stump using an absorbable suture and then 
routine skin closure foliows. The wrist is placed in a well- 
padded long arm splint in neutral pronation-supination and 
extension-flexion. At 6 weeks postoperatively the patient 



FIGURE 33-6 Preoperative PA view of a 38-year-old woman with post- 
traumatic DRUJ arthritis. Clinically, this patient was unable to pronate 
and supinate her wrist and had severe pain to ballottement of the ulna. 


begins a réhabilitation program with active and active- 
assisted range of motion and progressive strengthening 
(Figs. 33-6 and 33-7). 

Complications 

The distal ulnar Darrach resection has the inhérent prob- 
lem of loss of ulnar support of the carpus. Loss of linkage 



FIGURE 33-5 Schematic illustration, the radial strip of the extensor 
carpi ulnaris tendon is sutured to itself (black arrow). The ulnar strip of 
the extensor carpi ulnaris tendon remains intact (blue arrow). 



FIGURE 33-7 Postoperative PA view of the modified Darrach proce¬ 
dure with extensor carpi ulnaris stabilization. The patient was pain free 
20 months postoperative. 
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between the radius and ulna results in radioulnar conver¬ 
gence, producing impingement of the ulnar stump against 
the radius usually accompanied by instability. 15,16,18-20 The 
distal radioulnar instability may manifest with crepitus, 
pain with forearm rotation, and grip weakness. Additional 
reported complications of the Darrach procedure include 
ulnar translocation of the carpus and attritional extensor 
tendon rupture by the ulnar stump. 8,19 The risk of damage to 
the dorsal cutaneous branch of the ulnar nerve can be less- 
ened by careful dissection. 

The modified Darrach procedure decreases the impinge¬ 
ment using the combination of the distal ulnar resec¬ 
tion with the oblique radial osteotomy of the ulnar stump. 
Additionally, the ECU stabilization prevents instability by 
augmenting a minimal subperiosteal distal ulnar resection 
and capsular repair. 

Outcomes 

It is difficult to compare the outcomes since there is a 
significant différence between rheumatoid patients and 
posttraumatic ulnar impaction. Most of the literature 
is more than 20 years old. The amount of instability and 
impingement is more common with increasing a mounts of 
bony resection. 19 The resection should be limited to 2 cm 
or less. Rana and Taylor reported distal stump clicking if 
more than 3.5 cm was excised and no clicking if less than 
2 cm was excised in patients with rheumatoid arthritis. 21 
In patients with severe rheumatoid arthritis, especially 
those with active synovitis and lax ligaments, there is a 
risk of developing progressive ulnar translocation. 16,19 
Gainor and Schaberg reported that excessive resection 
of more than 2 cm may contribute to ulnar translocation 
after reviewing their results in 25 patients (33 wrists) with 
rheumatoid arthritis at an average follow-up of 3.8 years. 22 
Others feel the ulnar translocation is more a function of the 
rheumatoid arthritis than the Darrach resection. De Witte 
et al recently reviewed their expérience in 15 women and 
11 men with a mean âge of 53 years (range, 24-80 years) 
who underwent a Darrach procedure for DRUJ stiffness, 
instability, nonunion, or substantial radioulnar length 
discrepancy after trauma. 23 At an average follow-up of 
21 months (range, 4-60 months), the improvement in total 
arc of forearm rotation averaged 87° (range, 0°-160°), from 
an average of 49° to an average of 136° (P <.001 ). The pro¬ 
portion of patients with occasional or continuous pain 
after the Darrach procedure (7 after vs 16 prior; P = .04) 
was significantly reduced. Only 2 patients had reoperation 
related to the residual ulna. 

Modification of the Darrach with ECU stabilization as 
the senior author’s preference demonstrated good results 
with marked alleviation of pain and improvement in fore¬ 
arm rotation. 17 Fifteen patients (16 wrists) were reviewed at 
an average follow-up of 37 months. There was a marked alle¬ 
viation in pain in 14/15 patients, with improved pain-free 
pronation/supination and increased grip strength. 


HEMIRESECTION INTERPOSITION 
TECHNIQUE 

In 1985, Bowers introduced the HIT of arthroplasty for 
preserving the functional éléments of the ulnocarpal liga¬ 
ment complex eliminating the instability associated with the 
Darrach procedure. 24 The concept is to remove the articular 
surface of the ulnar head and retain the ulnar attachments of 
the TFCC (partial resection of ulnar head). The entire shaft 
and the ulnar styloid are left intact. An intact or reconstruc- 
table TFCC is a prerequisite to the success of the procedure. 

Indications 

The primary indication for the HIT is posttraumatic or 
degenerative arthritis of the DRUJ. 13,14,24 The HIT is useful in 
the early stages of rheumatoid arthritis. 25 

Contraindications 

Patients with abutment or an ulnar positive variance are 
not suitable candidates unless a concomitant ulnar short- 
ening procedure is performed. In patients with combined 
DRUJ arthritis and instability the HIT procedure can be per¬ 
formed along with a DRUJ stabilizing procedure; otherwise 
the instability will be exacerbated. Irréparable in jury of the 
TFCC is a relative contraindication for the HIT since there is 
no advantage over the Darrach procedure. 

Surgical Technique 

The surgical approach for the HIT procedure as developed 
by Bowers is identical to the Darrach resection. 24 The différ¬ 
ence lies in the amount of ulnar head resection and the soft 
tissue interposition after bone resection. 

The DRUJ is approached dorsally through a longitudinal 
incision over the fifth extensor compartment. An ulnar- 
based flap of extensor retinaculum is elevated and an ulnar- 
based capsular flap is raised just proximal to the TFCC. 
Small rongeurs and a bur are used to resect the surface of the 
ulnar head. Instead of resecting the distal ulna at the proxi¬ 
mal margin of the sigmoid notch (Darrach procedure), the 
seat and pôle of the ulna are entirely resected and the médial 
cortex of the distal ulna is preserved from the diaphysis to 
the tip of the styloid. The integrity of the TFCC is left intact. 
The resected shaft should be round in cross-section and the 
ulna is tapered distally in a dowel shape. Great care is taken 
after resection to ensure full, unimpeded forearm rotation. 
Any osteophytes or prominent bone that may interfère with 
rotation must be removed. 

If a preoperative or intraoperative diagnosis of ulnar 
abutment is rendered, an ulnar shortening is performed to 
avoid impingement between the triquetrum and the residual 
ulnar head or styloid. After the osteotomy, the ulnar-based 
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capsular flap is interposed between the radius and the 
resected ulna. A free tendon graft (eg, palmaris longus) is 
used to increase the interposition bulk mitigating impinge- 
ment of the resected ulna against the médial wall of the dis¬ 
tal radius. In the modification technique, an ulnar-based 
retinacular flap is raised from the radial margin of the ECU 
sheath and interposed to avoid use of a free tendon graft. 14 
The retinacular flap is interposed and sutured to the volar 
DRUJ to cover the resected surface. A routine skin closure 
foliows. The extremity is immobilized in a long arm splint 
in neutral forearm rotation for 3 weeks. The postoperative 
réhabilitation dépends on whether an ulnar shortening has 
been performed. 

Complications 

The ulna is vulnérable to fracture if excessive bone is resected 
or mechanical stresses exceed the biomechanical limitations 
of the arthroplasty. 24,26 Untreated ulnar positive variance may 
lead to stylocarpal impingement. Radioulnar impingement is 
also a known complication as reported with many Darrach 
modifications. Preexisting DRUJ instability may be exacer- 
bated, but pain is usually reduced. Additional reported com¬ 
plications of HIT procedure include ECU tendonitis (when 
retinacular reconstruction of the ECU tendon sheath is per¬ 
formed) and neuroma of the ulnar dorsal sensory nerve. 24,26 

Outcomes 

Bowers reported good results for pain relief and motion on 
38 patients (27 of 38 had rheumatoid arthritis). 24,25 Patients 
with degenerative or posttraumatic arthritis had better 
results than patients with rheumatoid arthritis. 27 Failures 
were often related to residual ulnocarpal impaction. Many 
other authors hâve demonstrated generally favorable results 
using the HIT procedure with no pain in 76% and mild pain 
in 24% of patients. 27-30 The HIT procedure has additionally 
been reported to be effective in conjunction with a radial 
osteotomy for malunited distal radius fractures. 26 More 
recently, van Schoonhoven et al performed a rétrospective 
study of 36 patients with a mean âge of 53 years after an aver¬ 
age follow-up of 34 months. 31 There was a statistically signifi- 
cant réduction in the visual analog pain score to 3.9 versus 
7.8 preoperatively. The average DASH score measured 35. 
Pronation was largely unchanged from a mean of 74° to 76°, 
but supination significantly improved from 54° to 69°. The 
average grip strength increased from 40% to 64% as com- 
pared with the unaffected side. Using the modified Mayo 
wrist score, there were 6 excellent, 11 good, 10 s atisfactory, 
and 4 poor results. Radioulnar impingement, however, was 
noted in 21 patients (painful in 14), requiring révision to an 
ulnar head implant in 5 patients. In 3 patients a secondary 
ulnar shortening had to be performed due to a remaining 
painful impaction of the distal ulna against the lunate and 
triquetrum. 


MATCHED DISTAL ULNAR RESECTION 

In this modification, described by Watson et al in 1986, the 
distal ulna is resected convexly at the DRUJ that matches the 
corresponding concave radius. 32 They suggest that if the pro¬ 
cedure is done properly, there is no need to add interposition 
material between the distal radius and ulna. 

Indications 

Indications f or matched distal ulnar resection include chronic 
subluxation, dislocation, incongruity, or other arthritic con¬ 
ditions of the DRUJ. 13,32 

Contraindications 

Patients with ulnar positive variance and patients with pre¬ 
existing or concomitant wrist pathology may not be suited 
for the procedure. 

Surgical Technique 

The surgical approach is identical to the approaches men- 
tioned for prior procedures. The matched resection oste¬ 
otomy is more proximal than the HIT osteotomy. 32 - 33 The 
distal ulna is resected in a long, sloping convex curve that 
matches the opposing concave radius. A 270° arc of the ulnar 
is resected to allow full pronation and supination. Any osteo- 
phytes or prominent bone that may interfère with rotation 
must be removed. An ulnar styloidectomy may be necessary 
to maximize radial and ulnar déviation. 

Complications 

The radius may exhibit a reverse slope along its médial bor¬ 
der. 33 Any proximal protubérant portion of the radial sulcus 
at the sigmoid notch should be resected to prevent ulnar 
impingement. To avoid ulnocarpal abutment, the resected 
ulna should not be longer than the end of the adjacent radius. 

Outcomes 

Watson et al reported excellent results with improvement of 
symptoms in their sériés of 97 wrists over 21 years. 32,33 The 
results were better in patients who had isolated problems of 
the DRUJ, a preserved radiocarpal joint, and no other wrist 
instability. Few other reports described the results of the 
matched resection demonstrating good to excellent results 
in patients with posttraumatic DRUJ arthritis and rheuma¬ 
toid arthritis. 30 - 34 

SAUVÉ-KAPANDJI PROCEDURE 

In 1936, Sauvé and later Kapandji described an alternative 
technique to the resection of distal ulna. 35 This procedure 
consists of DRUJ fusion with création of a pseudarthrosis of 
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the ulna proximal to the fusion. The Sauvé-Kapandji proce¬ 
dure provides ulnar support of the wrist preserving the distal 
radioulnar and ulnocarpal ligaments. 

Indications 

Indications are similar to those for the Darrach procedure, 
including posttraumatic DRUJ arthritis, osteoarthritis, or 
rheumatoid arthritis. 13,14,35 The Sauvé-Kapandji procedure is 
especially useful for patients with rheumatoid arthritis since 
it pro vides bony support of the ulnar carpus and thus reduces 
the risk of ulnar translocation. 35,36 It is, also, particular useful 
for young, active, high-demand patients with posttraumatic 
or osteoarthritis of DRUJ, because retaining the ulnar head 
maintains the ulnocarpal buttress and the TFCC to allow a 
more physiological transmission of load from the hand to 
the forearm. 36,37 

Contraindications 

Active infection or an unstable skin coverage is a contrain- 
dication to this procedure. Marked osteopenia and DRUJ 
instability are relative contraindications. 

Surgical Technique 

The patient is positioned supine with the upper extremity on 
a hand table. The operation is performed under general or 
régional anesthésia and tourniquet control. Although s orne 
modifications of the procedure hâve been described, the 
basic technique remains essentially unchanged since the pro¬ 
cedure was first described. 35,38 A longitudinal dorsal incision, 
6 to 8 cm long, is made along the ulnar border of the distal 
forearm. Care is taken to identify and protect the dorsal cuta- 
neous branch of the ulnar nerve. The fifth extensor compart- 
ment is divided and the extensor digiti minimi is retracted 
radially. The extensor retinaculum and the DRUJ capsule 
are raised as an ulnar-based flap and the DRUJ is exposed 
using subperiosteal dissection. The ECU sheath should not 
be opened because it is an important DRUJ stabilizer. 

The choice of fixation dépends on the size and quality 
of the bone. If possible, a cannulated screw is utilized. Two 
parallel guide wires are inserted into the head just beneath 
the ECU sheath. Next the ulnar head is osteotomized using 
an oscillating saw just proximal to the Rare of the head. A 
second eut proximal and parallel to the first is made remov- 
ing a 10- to 15-mm segment of the ulna. The periosteum 
in the région of the gap is resected to prevent regrowth of 
ulna. If there is a positive ulnar variance, a longer s egment 
of the ulna is removed. Then, a rongeur or osteotome is used 
to decorticate the articular surfaces of the ulnar head and 
sigmoid notch of the radius. With the forearm in neutral 
rotation, the ulnar head is held against the sigmoid notch so 
that ulnar neutral variance is obtained. The guide wires are 
driven into the radius and the proper position is confirmed 


fluoroscopically. Two cannulated compression screws are 
inserted or 1 screw and 1 of the guide wires are used for the 
fixation. The cancellous bone harvested from the resected 
ulnar segment can be placed at the fusion site. The fascia of 
the pronator quadratus is interposed at the pseudarthrosis 
site and is sutured to the volar aspect of the tendon sheath 
of the ECU to prevent regrowth and fusion of the eut bony 
ends. Closure in layers foliows with repair of the retinacu- 
lar compartments. ECU or flexor carpi ulnaris stabilization 
of the proximal ulnar stump can be used to gain additional 
stability of the proximal ulnar stump in young patients. 39,40 A 
long arm splint is used for 2 weeks folio wed by a short-arm 
cast until there is radiographie evidence of fusion. Regular 
activity is allô wed once bony union has occurred. 

Complications 

Painful instability of the ulnar stump is a known compli¬ 
cation of the Sauvé-Kapandji procedure. 37,41 Less common 
complications include f ibrous or osseous union at the pseud¬ 
arthrosis site and radioulnar nonunion or delayed union. 37,41 
Hardware-related pain from screw heads can occur in neces- 
sarily removal. Injury to the dorsal cutaneous branch of the 
ulnar nerve is a potential complication and can be avoided 
with careful dissection. 


Outcomes 

In general, the results are reported to be good with élimi¬ 
nation of pain, improvement of grip strength, and resto- 
ration of function in greater than 85% of patients. 38-40,42 
Postoperative grip strength and return to work status are 
reportedly better than the Darrach procedure especially 
in younger active patients. 43 However, painful instabil¬ 
ity of the ulnar stump has been reported after t he Sauvé- 
Kapandji procedure, although it developed less commonly 
than after the Darrach procedure. 37,41,44 Other studies hâve 
found instability of the ulnar stump to be more common, 
even though not always symptomatic. 36 De Smet and Van 
Ransbeeck surveyed 84 patients treated with the Sauvé- 
Kapandji procedure, 11 in combination with another wrist 
procedure. 45 There was significant pain decrease and high 
patient satisfaction (74%). The range of motion increased 
in the flexion/extension arc from 109° to 124° (P = .006) 
and, in those with limited forearm rotation, from 71° to 
134° (P = .006). According to the Mayo Clinic wrist score, 
there were 20 excellent, 34 good, 18 fair, and 12 poor results. 
Minami et al compared 61 patients with painful DRUJ OA 
who were treated with a Darrach resection (20), a Sauvé- 
Kapandji procedure (25), or a HIT (16). 28 There were 
36 men and 25 women with an average âge of 59.8 years. 
There were 38 primary and 23 secondary osteoarthritis 
cases. At an average follow-up of 10 years (range, 5-14 years) 
the Darrach procedure was inferior to the Sauvé-Kapandji 
procedure and HIT, although this was not statistically 
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significant. Forearm rotation improved in ail of the groups 
and wrist flexion and extension and grip strength were bet- 
ter in the HIT and Sauvé-Kapandji patients. 

FAILED DISTAL ULNAR RESECTION 

Severe instability of the distal ulna after a resection can 
develop early or later most commonly after the Darrach pro¬ 
cedure; however, it can also occur after HIT, Sauvé-Kapandji 
procedure, or any other modification. Despite modifications, 
the reported failure rate of the Darrach procedure remains 
between 7% and 50%. 2,3,16,20,46 The patient with a symptom- 
atic failed distal ulnar resection expériences pain and upper 
extremity disuse, as a resuit of painful grinding and mechan- 
ical limitations to forearm rotation. Many techniques hâve 
been described for management of the failed distal ulnar 
resection with varying success to prevent récurrent impinge- 
ment. The reported techniques include stabilization of the 
distal ulna using different local tendons, ostéoplasties, soft 
tissue interposition, and combinations with more complex 
procedures. 6 ’ 7 ’ 10 ’ 14,47 " 19 Recently, distal ulnar replacement has 
become a popular option. 50-52 However, long-term survival 
of the implants has not been reported and there are con- 
cerns for implant longevity in the young, active patient. 
Problems such as loosening, bone résorption, dislocation, 
and implant instability are concerns for this patient popula¬ 
tion. In an effort to eliminate the symptoms of impingement 
by maintaining a wide distal radioulnar relationship and to 
avoid implant failure a technique using a biologically com¬ 
patible allograft has been developed by the senior author 
(D.G.S.). 5334 This technique relies on the interposition of an 
Achilles tendon allograft between the distal radius and the 
resected distal ulna. 

Indications 

This is primarily suited to the salvage of a failed distal ulnar 
implant arthroplasty, although it can be used for painful 
impingement between the distal ulnar stump and the radius 
from radioulnar convergence foliowing a distal ulnar resec¬ 
tion arthroplasty. The Achilles allograft interposition tech¬ 
nique is an attractive alternative especially for the young, 
active patients, in whom an implant or alternative procedure 
may not be appropriate. 

Contraindications 

Marked stability of the proximal ulnar stump would preclude 
the use of this procedure. 

Surgical Technique 

The procedure is performed under general or régional anes¬ 
thésia with tourniquet control. 53,54 The patient is positioned 


supine with the affected extremity on a hand-table exten¬ 
sion. If possible, the previous surgical incisions are incor- 
porated into the approach for the allograft interposition. A 
dorsal approach through the fifth dorsal compartment is 
preferred with care to preserve the dorsal cutaneous branch 
of the ulnar nerve. Subperiosteal exposure of the distal ulna 
is performed approximately 4 to 6 cm proximal to the distal 
stump. Frequently, the resected ulna develops reactive bone 
that may impinge on the distal radius or cause mechani- 
cal limitations to motion. The prominent bone is removed 
and a smooth surface of the ulnar stump is created. Then 
the médial cortex of the radius is exposed, by retracting the 
ulna volarly, and 3 or 4 unicortical suture anchors are placed 
into the médial cortex of the radius, proximal to the sig- 
moid notch where the impingement occurs. It is necessary 
to obtain a 2- to 3-cm area for fixation of the allograft to the 
médial radius to ensure that a large buffer is created between 
the 2 bones. Three or 4 drill holes are made in a medial-to- 
lateral direction in the distal ulna and then sutures are passed 
through each of the holes. 

An Achilles tendon allograft is prepared for implantation 
by removing the calcaneal remnant. The allograft is then 
rolled onto itself to create a large interpositional “pillow” that 
will act as a soft tissue buffer between the radius and ulna. 
The allograft is then sutured between the radius and ulna 
(anchors to radius and drill holes to ulna) (Fig. 33-8). The 
size of the allograft pillow is determined by pronating and 
supinating the forearm with pressure applied to the ulnar 
aspect of the ulna to assess crepitus. If crepitus is noted, the 
allograft size is increased until no further crepitus occurs 
with passive ulnar displacement of the ulna toward the 
radius or with forearm rotation. With final allograft place¬ 
ment there should be significant padding between the radius 
and the ulna to prevent any palpable crepitus during fore¬ 
arm rotation under compression and to ensure that a smooth 



FIGURE 33-8 Intraoperative view of the final position of the allograft 
between distal radius and ulnar stump creating a pillow-shaped spacer. 
The allograft is sutured through anchors to radius and drill holes to 
ulna. A, allograft; U, ulna. 
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FIGURE 33-9 Preoperative gripping “weight-bearing,” PA view, 
depicting contact between distal radius and ulnar stump after failed 
Darrach procedure. 


arc of motion occurs without impingement (Figs. 33-9 and 
33-10). No other tissues are used to stabilize the ulnar stump. 
Standard capsular and soft tissue closures are completed over 
the allograft and the retinaculum closed. After skin closure, a 
well-padded long arm splint is applied. The long arm splint is 
converted to a cast at the initial postoperative follow-up for 
6 weeks. Protected range of motion and interval splintage is 
continued until 12 weeks postoperatively. 

Complications 

Great attention must be paid to the size of the allograft. 
When insufficient allograft bulk is used, the radioulnar 
space may not be maintained. The allograft should prevent 
the ulnar stump from contacting the radius during pronation 



FIGURE 33-10 One-year postoperative gripping “weight-bearing,” 
PA view. Note maintenance of the interosseous space, no impingement 
between both forearm bones. 


and supination under compression. A possible complication 
is a radial shaft fracture, which is prevented by using micro¬ 
suture anchors for the graft fixation. We use the Micro FT 
Anchor (Arthrex) as a unicortical small anchor. 

Asymptomatic ulnar shaft scalloping is also a potential 
complication. Cost, availability, and immunologie reaction 
are among disadvantages of ail allografts. Despite these noted 
disadvantages of the allografts, they are currently widely 
used in orthopédie surgery. Immune reactions or infections 
with the Achilles allograft interpositional arthroplasty hâve 
not been reported, yet. The risk of damage to the dorsal cuta- 
neous branch of the ulnar nerve can be lessened by careful 
dissection. 

Outcomes 

The initial combined sériés includes 27 patients with failed 
distal ulnar resection with a mean âge of 44 years (range 
37-68 years). At a mean follow-up of 76 months, good 
(17/27 patients) to excellent (9/27 patients) results hâve been 
demonstrated with marked alleviation of pain and improve- 
ment in forearm rotation. Grip strength improved an aver¬ 
age of 77% and the total arc of forearm rotation improved 
an average of 76°. Palpable crepitus was noted in 1 patient 
(worker compensation) whose resuit was graded as a fail- 
ure and attributed to insufficient graft bulk. Radiographie 
évaluation revealed ulnar scalloping in 2 patients, 2 and 
3 years postoperatively, respectively, although the patients 
remain asymptomatic. No graft-related complications were 
encountered. Although the Achilles allograft interposition 
does not restore normal biomechanics of the DRUJ, it can 
prevent impingement, crepitus, and painful convergence of 
the radius on the ulna especially in the position of neutral 
forearm rotation. 
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RATIONALE AND BASIC SCIENCE 

Pronation/supination is extremely important for the func- 
tion of the hand. We need both mobility to position the 
hand in space and stability through a full arc of rotation with 
loading during grip. The geometry of the forearm joint, con- 
sisting of the distal radioulnar joint (DRUJ) and the proximal 
radioulnar joint (PRUJ) together with the curvatures of the 
radius and ulna, détermines the range of motion. The static 
and dynamic ligaments and muscles provide the stability. 1 

To be able to optimize the treatment to our patients when 
the DRUJ is injured or diseased, we need to understand the 
complexity of this joint. Primarily, we hâve to recognize the 
importance of the ulnar head and appreciate its various rôles 
for the function of the DRUJ in unloaded and loaded fore¬ 
arm rotation. The rotational forces induced by simply hold¬ 
ing a weight of any object in the hand are transferred from 
the hand, across the DRUJ and the interosseous membrane 
to the ulna and elbow joint. The ulnar head and the func- 
tional unit of the DRUJ form the keystone weight-bearing 
fundamental part of the hand and distal forearm. The ulnar 
head is important for maintaining adéquate tension within 
the radioulnar ligaments and to keep the tension of the 
interosseous membrane. When removed, as in a Darrach 
procedure, the 2 forearm bones converge distally and the 
tensioning function of the ulnar head is lost. The stability 
of the pseudojoint that forms after a Darrach procedure dif- 
fers during loading in pronation and supination as the con¬ 
tact area shifts anteriorly or dorsally, which often results in 
a painful clicking of the ulnar stump when performing a 
loaded rotation. 

DRUJ Anatomy 

The DRUJ is a trochoid joint as is the PRUJ. The sigmoid 
notch of the radius is concave and relatively shallow and 
the depth and inclination vary between subjects. The sig¬ 
moid notch is limited by 3 distinct margins. The distal 
margin with the radial insertion of the triangular fibrocar- 
tilage complex (TFCC) marks the séparation between the 


radiocarpal joint and the DRUJ. Dorsally and palmarly, the 
margins are formed by the joint capsule. The ulnar head, 
on which the radius rotâtes, is an asymmetric semicylin- 
der. The inclination of the articular surface varies between 
-15° and 20° and has an approximate 130° dorsopalmar 
arc. The articulation of the ulnar head with the sigmoid 
notch has a limited congruency since the radius of curva- 
ture is greater for the sigmoid notch than for the ulnar head 
and the stability is dépendent on ligamentous and muscu- 
lar constraints. Pronation and supination include rotation, 
distal/proximal sliding, and a volar/dorsal translation. In 
midpronation/supination, the sigmoid notch covers 60° to 
80° of the ulnar head convexity, but at the extreme positions 
of rotation, less than 10% of the ulnar head is covered by 
the sigmoid notch. Hence, joint stability dépends largely on 
the TFCC and the DRUJ ligaments. The ulnotriquetral liga¬ 
ments and the radioulnar ligaments form a unique entity as 
they insert into the fovea and the proximal part of the ulnar 
styloid. They extend as 2 fans in perpendicular planes, in 
the coronal plane and transverse plane, respectively, which 
along with the dorsal radiocarpal ligament provide stable 
3-dimensional static fixation of the radius and carpus to the 
ulnar head (Fig. 34A-1). 

The Forearm Joint 

In an anatomical study Hagert demonstrated how the PRUJ 
and DRUJ act together functionally as a bicondylar joint 
(Fig. 34A-2). The proximal “condyle,” the radial head, rotâtes 
axially so that the radius rotâtes around the distal “condyle,” 
the ulnar head. 2 The dorsal and palmar radioulnar ligaments 
consist of superficial components inserting directly onto the 
ulnar styloid, and deep components inserting into the fovea 
of the distal ulna. Hagert observed that in pronation, both the 
deep palmar fibers and the superficial dorsal fibers tighten, 
while in supination the deep dorsal fibers and the superficial 
palmar fibers tighten. 3 The deep fibers are aligned to provide 
a vector of force that resists sagittal plane motion of the radius 
and function as checkreins to translation of the radius on the 
ulna. In addition, the ulnolunate ligament, ulnotriquetral 
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Ulnar 



NormalTFC complex 

FIGURE 34A-1 The ulnotriquetral ligament and the palmar and dor¬ 
sal radioulnar ligaments (DRUL, PRUL) extend as 2 fans in the coronal 
and transverse planes to provide static 3-dimensional fixation of the 
radius to the ulnar head. 


ligament, interosseous membrane, and the deep portion 
of the ECU sheath act as secondary static stabilizers of the 
DRUJ. The ECU and pronator quadratus provide dynamic 
stability to the joint. 4 The ulnar head serves as a keystone that 
resists convergence of the radius and ulna and constitutes the 


weight-bearing part of the wrist. This provides the rationale 
for Hagert’s fixed-point concept in which the ulnar head is 
the fixed point around which everything moves that is fun- 
damental to ulnar head implants (Fig. 34A-3). 


The Implant 

The implant has to replicate the functions of the ulnar head. 
The forces across the DRUJ are related to both the fore- 
arm position in rotation and the muscle activity; therefore, 
the center of the rotational axis should be as close as pos¬ 
sible to normal in order to allow existing ligaments to share 
the load and stabilize the implant ail through the motion 
arc. The optimal rotational axis is reestablished when the 
interosseous membrane is rebalanced and tensed in every 
sector of the rotational motion arc. This is accomplished by 
reestablishing the offset of the DRUJ, spacing the joint, both 
in neutral, where most of the loaded activities of the daily 
life take place, and in the extremes of supination and prona¬ 
tion, where the contact area between the implant and the 
sigmoid notch is minimal and therefore the contact pres¬ 
sure will be the highest. Normally, resuture of the structures 
and ligaments should be enough to stabilize the joint, but 
reconstruction of the TFCC can also be performed with 
different techniques, using the palmaris longus tendon as a 
transplant. In ail cases, the dorsal and volar stabilizing struc¬ 
tures hâve to be appreciated, emphasizing the intact prona¬ 
tor quadratus on the volar side and an optimal positioning 
of the extensor car pi ulnar is and its tendon sheath on the 
dorsal side. 



FIGURE 34A-2 The forearm joint as described by Hagert in 1992 with the proximal “condyle” the radial head and the distal “condyle” the ulnar head. 
DRUJ, distal radioulnar joint; PRUJ, proximal radioulnar joint. 
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ulnar déviation. The ulnar head is the load-bearing keystone of the DRUJ that allows pronation/supination in association with the PRUJ. 


Replacement Prerequisites 

The expérience acquired and lessons learned from replac- 
ing other joints should preferably be used also for the DRU 
joint replacement. The basic technical principles and mate- 
rial choices are not different for this indication. The optimal 
implant should mimic, as closely as possible, the normal 
anatomical design and motion of the joint, respecting the 
configuration of the joint surfaces and the intrinsic and 
extrinsic stabilizing structures. The joint implant should be 
unconstrained in order to avoid abnormal loading on the 
interface surfaces and fixation structures and minimize the 
risk of material breakage or implant loosening. The implant 
can replace the joint partially or totally. In both cases, the 
friction between the different parts of the implant (total 
arthroplasty) or between the implant and the remaining 
anatomical surface (hemiarthroplasty) has to be considered 
in order to minimize the débris and the implant material or 
design chosen according to the prerequisites (cobalt chrome 
vs polyethylene and concavity vs convexity in t otal arthro- 
plasties; pyrolytic carbon vs cartilaginous joint surface in 
hemiarthroplasties). In ail cases the implant fixation to the 
bone remains a problem to be solved for which the expéri¬ 
ence in other types of joint arthroplasties can give important 
information (osseointegration, cernent fixation, press fit, 
implant coating). 

Salvage Procedures 

When discussing joint arthroplasties, the reoperation options 
must be discussed, and acceptable salvage procedures such as 
fusion, resection, or interposition arthroplasties still be possi¬ 
ble. This could for the DRU joint be a 1-bone forearm, which 
however is not a functional acceptable solution, or an ulnar 


head resection with known potential disabilities as discussed 
above. A single primary operation is always the best opportu- 
nity to succeed and secondary interventions will ne ver reach 
the resuit they would hâve if used as the primary operation. 

Indications 

Some typical indications for implant arthroplasty include 
symptomatic arthrosis and posttraumatic osteoarthritis of 
the DRUJ foliowing a distal radius and/or ulnar head fracture 
as well as replacement of the distal ulna in cases of advance 
rheumatoid arthritis. Other indications include an incongru- 
ous sigmoid notch following a distal radius osteotomy, and 
painful convergence of the ulnar head following a Darrach or 
hemiresection arthroplasty, Sauvé-Kapandji arthroplasty, or 
ulnar head excision for tumors. Preoperative considérations 
include determining whether the DRUJ joint surfaces are 
congruent and in need of a resurfacing or arthroplasty and 
whether the intrinsic and/or extrinsic ligament qualities are 
sufficient in strength to provide implant stability in ail posi¬ 
tions of pronation/supination. AP latéral and oblique x-ray 
views are performed as well as a CT or MRI to evaluate the 
status of the ulnar head and the sigmoid notch. Although 
the procedure can be performed at any time in skeletally 
mature patients, there is a higher failure rate in younger 
patients due to the higher functional demands. In inflam- 
matory arthritis, the implant ideally should be performed 
earlier in the disease when the cartilage destruction is more 
prominent than the ligament destruction and the joint is still 
stable. Anatomical alignment of the radius and the ulna is 
a prerequisite for ulnar head replacement. Any malunion of 
the radial or ulnar shaft must be corrected either before or at 
the time of ulnar head replacement. Three questions hâve to 
be addressed before the decision is made to perform a DRUJ 
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arthroplasty: Are the DRU joint surfaces congruent with the 
radius and ulnar bone geometry and in a physiologie rela¬ 
tion to the forearm joints 3 components—the PRUJ, radius 
curvature, and DRUJ? Are the intrinsic and/or extrinsic liga¬ 
ment quality sufficient in strength and structure to give sta- 
bility to the implant in ail positions of pronation/supination? 
Are the joint surfaces deteriorated and in need of a resurf ac- 
ing or arthroplasty? 

Contraindications 

Contraindications for a nonconstrained total or partial 
ulnar head implant include DRUJ instability secondary to an 
unreconstructable TFCC or distal interosseous membrane, 
and folio wing an Essex-Lopresti in jury. A malunion of the 
distal radius would need a prior or simultaneous corrective 
osteotomy to provide correct alignment as would any ulnar 
shaft deformity. Advanced arthritis of the sigmoid fossa is 
relatively contraindicated unless a total joint replacement 
is performed. Previous infection, marked osteoporosis or 
cystic bone disease, and unstable soft tissue coverage are 
contraindications for ail kind of implants constrained or 
nonconstrained. 

DRUJ IMPLANTS 
Constrained Implants 

In the beginning of the 1990s se ver al groups presented, 
almost at the same time, relatively complicated mechanical 
Systems in order to reconstruct the DRUJ. These constrained 
devices use multiple parts in order to restore the rotation 
and stability of the joint. Both Kapandji and Lundborg 



FIGURE 34A-4 Twelve-year follow-up of a combined radiocarpal and 
DRUJ wrist prosthesis. Note the osteointegration in radius, metacar- 
pals, and ulna and the résorption of bone around the collar of the ulnar 
component. (Reproduced with permission from G. Lundborg.) 


(Fig. 34A-4) reported anecdotal cases with custom-made 
implants, with or without concomitant radiocarpal replace¬ 
ment. 5 The concept of a constrained device has since been 
developed further by Scheker, who described and since 1997 
uses an uncemented, semiconstrained modular prosthesis to 
replace the DRUJ (Fig. 34A-5). A polished peg fixed to the 
ulna end has freedom of movement within a polyethylene 



FIGURE 34A-5 Pictures in pronation and supination of an Aptis DRUJ implant. 
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bail secured to the radius ulnar border by a long plate. The 
System allows not only rotation but also freedom for an 
axial migration of the radius in relation to ulna. Good long- 
term results of this implant hâve been presented by several 
groups, ail of which however report the surgical procedure 
to be complex and requiring a relatively important amount 
of reoperation for technical reasons. 6,7 

Nonconstrained Implants 

THE SWANSON ULNAR HEAD PROSTHESIS 

Alfred Swanson was one of the first in modem time who 
introduced the concept of replacement of the ulnar head 
as treatment of painful arthritis of the DRUJ. In 1973 he 
reported the use of a stemmed silicone implant acting as 
replacement of the resected ulnar head (Fig. 34A-6). His pos¬ 
itive preliminary reports on pain were confirmed by others, 
but complications such as bone résorption, tilting or fracture 
of the implant, and synovitis were common and the prosthe- 
sis was abandoned. 8,9 

Total Head Implants 

Primarily proposed as salvage procedure to treat symp- 
tomatic ulnar stump impingement syndrome, ulnar head 
implants are nowadays also used as primary treatment, 
avoiding the Darrach or Sauvé-Kapandji procedures and 
their potential complications (Fig. 34A-7A and B). The 
original ulnar head prosthesis, developed by Herbert and 
van Schoonhoven, was made in ceramic. Just as with Steel, 
there is a discrepancy in the elastic modulus of ceramics 



FIGURE 34A-6 Frontal radiographs of a rheumatoid patient wrist 15 
years following a silicone ulnar head implant. The patient was symptom 
free following a wrist fusion and base of thumb silicone arthroplasty. 


compared with bone and a risk for radius érosion when 
used as a hemiprosthesis. 10,11 Other designs and material 
for ulnar head implant hâve since been presented without 
major improvements of the results. Most authors seem to 
agréé on the results that can be obtained with a total ulnar 



FIGURE 34A-7 A. A 42-year-old woman with juvénile rheumatoid arthritis 13 years following a Sauvé-Kapandji DRU joint resection arthroplasty 
presenting with complaints of painful DRUJ clicking and ulnar stump instability. B. The distal ulnar head fusion is excised and a total ulnar head 
implant is inserted restoring DRUJ stability with normal pain-free pronation/supination. 
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FIGURE 34A-8 A. AP and latéral view of a patient with primary DRUJ OA. B. Five years following insertion of a First Choice hemi-DRUJ prosthesis. 
The patient is pain free and has a full pronation/supination. Note the sigmoid notch érosion. 


head implant, but concerns are raised mainly regarding the 
bone résorption appearing around the collar of the implant 
and the érosion of the radial sigmoid notch. 12 Various other 
procedures hâve been presented in order to stabilize these 
implants, reflecting the remaining problem of stability after 
délétion of the ulnar head using a technique that includes a 
destruction of the intrinsic stabilizers such as the TFCC and 
the ulnocarpal ligaments. 

Partial Head Implants 

In order to spare the intrinsic stabilizers and focus on the 
mere resurfacing of the joint, which may in fact be the core 
goal of any arthroplasty, partial ulnar head replacement has 
been proposed. 13-15 Only the articular portion of the injured 
or diseased ulnar head is substituted without resection or 
damage of the TFCC and the ulnocarpal ligaments and their 
insertions. The clinical results are promising with foliow-ups 
now up to 5 years with pain-free pronation/supination, sub- 
jectively stable DRU joints giving a substantial improvement 
of the grip strength in the entire range of forearm rotation, and 
a reasonable révision rate (Figs. 34A-8A and B and 34A-9). 

SURGICAL TECHNIQUE 

The technique described below and especially the approach 
can be used for most of the implants. 

Partial Ulnar Head Nonconstrained 
DRUJ Arthroplasty 

The partial ulnar head nonconstrained hemi-DRUJ arthro¬ 
plasty is the authors’ first choice, combined with a distal 


radius osteotomy if necessary, since the System respects the 
TFCC and other soft tissue stabilizers. We avoid as long as 
possible the constrained implants and believe more in recon¬ 
struction or reinforcement of the ligaments than in mechani- 
cal solution to eventual instability. When primary stabilizers 



FIGURE 34A-9 Five-year follow-up of a First Choice hemi-DRUJ 
prosthesis in a patient with rheumatoid arthritis with a combined 
radiolunate fusion. Note the résorption of the distal ulna with a well- 
fixed stem. 
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are missing, as in rheumatoid arthritis, it seems possible to 
achieve stability through the secondary stabilizers and the 
reestablished joint congruency. 

Preoperative Planning 

A proper évaluation should be made of the status of the static 
and dynamic stabilizing structures. The anatomical prereq- 
uisites for postoperative stability hâve to be evaluated, such 
as the inclination of the DRUJ joint and the relative length 
of ulna, both of which affect the possibility of preserving the 
TFCC attachments during the préparation and eut. The size 
and position of the implant should be planned preopera- 
tively using templates, both in the anteroposterior and in the 
latéral projections. The ulnar variance has to be measured on 
both wrists in order to plan the exact position of the ulnar 
head implant in relation to the radius. 

Anatomical Approach 

The patient is placed in the supine position under general 
anesthésia or axillary block. The shoulder is abducted to 
90° and the elbow extended and the wrist in pronation. The 
approach is centered dorsally over the DRUJ preserving 
the dorsal ulnar veins and the dorsal branch of the ulnar 
nerve. The extensor digiti minimi (EDM) can be used as a 
landmark for localization of the DRUJ space and the fifth 
compartment is opened. The retinaculum is mobilized 
radially over the fourth compartment and ulnarly over the 
sixth compartment. The capsule overlaying the ulnar head 
is mobilized en bloc with the ECU tendon sheath and the 
tendon itself. In order to preserve the TFCC, the incision 
has to be made entirely proximal to this structure or the 
dissection should be made underneath it, in order to find 
the cleavage between the capsule and the dorsal part of the 
TFCC. 16 Once opened, the joint can be explored more easily, 
proximal and distal to the TFCC, using a Hohman retractor 
placed underneath the ulnar head. A gentle pronation of the 
radius facilitâtes delivery of the ulnar head into the opéra¬ 
tive field. A K-wire is placed at the distal ulnar border of 
the radius in order to indicate the radius length and make 
an easy positioning of the ulnar implant according to the 
measured and expected ulnar variance. 

An awl is introduced radially into the fovea under fluo¬ 
roscopie control, respecting the major ligament insertions, 
and then replaced by the reamer. The ulnar shaft is reamed 
to the desired implant stem length and size of the stem of 
the implant as planned preoperatively and the length is cor- 
rected as needed. The position is controlled in the fluoro- 
scope. The saw guide for the hemi-DRUJ resurfacing implant 
is mounted on the reamer and the bone eut is made in 2 steps, 
with and without the intramedullary pointing de vice. The 
saw guide has to be parallel to the groove formed by the ECU 
tendon. At this step of surgery the procedure can be changed 
to a total ulnar head arthroplasty if necessary and for this 


purpose the saw guide appropriate to the procedure is used. 
In ail cases the excised ulnar head is measured in order to 
choose the appropriate size of the implant. Some oversizing 
can be accepted to allow tensioning of the ligaments and the 
interosseous membrane, in order to increase the stability of 
the joint. The trial implant is inserted and checked fluoro- 
scopically and clinically prior to insertion of the definitive 
implant. The capsule and the retinaculum, including the 
ECU tendon sheath, are repaired in anatomical position 
or along the border of the radius and dorsal margin of the 
sigmoid notch using transosseous stitches or bone anchors 
as necessary. The ECU has to be repositioned and centered 
dorsally, over the implant in pronation. Small sutures can be 
added to fixate the dorsal part of the TFCC to the capsule 
and retinaculum. The reconstruction of the fifth compart¬ 
ment is not mandatory since EDM has an adéquate pulley 
more distally. After suture of the skin, a compressive dress- 
ing is applied for 2 weeks. In case of slight subluxation of the 
DRUJ, the reinsertion of the capsule on the dorsal margin of 
the sigmoid notch can be performed in pronation but tight- 
ened in supination, but is otherwise avoided since it carries 
the potential risk of decreased pronation. The remaining 
part of the ulnar head, including the styloid and the insertion 
of the main ligaments, allows for further stabilization proce¬ 
dures or reconstruction including free tendon transplants for 
TFCC reconstruction (Fig. 34A-10). 

Postoperative Care 

After wound closure a compressive dressing is applied for 
2 weeks. The postoperative care has to be customized and 
dépends on the patient, the intraoperative judgment of the 
stability of the device, and any concomitant procedures. As 
a general rule, pronation should be avoided for 2 to 3 weeks. 
The patient is immobilized in a splint in neutral position of 
pronation-supination and told to rotate the forearm from 
the neutral position to supination. After 2 to 3 weeks the 
plaster is changed to a removable splint. The patient starts 
active training of pronation and should reach full pronation- 
supination at 6 to 8 weeks. 

PERSONAL OUTCOMES 

Between November 2006 and October 2010, 15 patients 
(3 osteoarthritis and 12 rheumatoid arthritis patients), 
aged 61 years (range, 40-72 years), were operated for DRUJ 
reconstruction with the “First Choice” implant (Ascension 
Orthopedics). In the 12 rheumatoid patients, 10 had a con¬ 
comitant partial or total wrist fusion. The patients were 
followed prospectively by independent observers, mea- 
suring range of motion, grip strength, VAS, and patient- 
administered outcome scores (DASH and COPM) as well as 
radiographically. 

In the rheumatoid group, 1 patient was revised due to 
infection and 1 required reoperation due to stiffness. In 
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FIGURE 34A-10 A-I. Perioperative views of the implantation of a First Choice hemi-DRUJ prosthesis: the dorsal approach with préservation of the 
dorsal cutaneous branch of the ulnar nerve (A); the dorsal retinaculum is incised at the level of the EDM just above the DRU joint and dissected ulnarly 

(B) ; the ulnar head is exteriorized and the reamer can be introduced in the ulnar shaft with préservation of the TFCC and the ulnotriquetral ligament 

(C) ; the saw guide in place ( D) allows a précisé resection of the ulnar head with préservation of the styloid and ligament attachments (E). The prosthe¬ 
sis is introduced in the reamed ulnar shaft (F). The testing of the pronation-supination shows good stability of the joint (G); ifnecessary, theextensor 
retinaculum is sutured directly to the dorsal border of the sigmoid notch in order to increase stability (H). After suture and restoration of the anatomy 
the prosthesis is stable and does not protrude in pronation (I). 
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FIGURE 34A-10 ( Continued). 


the osteoarthritic group 1 patient had a painful c licking on 
forearm rotation and was reoperated on for dorsal capsular 
reattachment. The pronation was 67° preoperatively and 74° 
(40°-90°) after 1 year. Supination was 66° preoperatively and 
60° (0° -90°) after 1 year. The mean grip strength of the oper- 
ated hand increased from 85% to 153% of the contralatéral 
at 1 year (P = .16). The DASH score remained unchanged 
between preoperative levels of 50 (32-69) and after 1 year at 
44 (14-83). Subjective function as measured with the func- 
tional évaluation test of activities canadian occupational 
performance measure (COPM) 17 improved from 3.59 to 
5.44 regarding performance and from 2.95 to 5.6 regarding 
satisfaction. The VAS (0-100) pain at rest decreased from 
37 to 11 and VAS pain at activity from 50 to 29. 

CONCLUSION 

Only a full understanding of the rôle of the ulna and the 
ulnar head in the anatomy of the DRUJ and the forearm 
makes it possible to use an arthroplasty for this joint. It is 
mandatory to differentiate between the function in relation 
with the wrist joint and the forearm joint. The restitution of 
a pain-free pronation/supination/rotation of the forearm is 
best performed without détérioration of the stability of the 
DRUJ and for this purpose when necessary the use of an 
implant has to be discussed. The resection of the ulnar head 


today seems avoidable and in ail cases the préservation of the 
anatomy and the stabilizing structures of the DRUJ should 
be recommended. 
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Distal Radioulnar Joint Implants 

David J. Slutsky, MD 



Distal ulnar implant arthroplasties can be divided into con- 
strained and unconstrained prostheses. The unconstrained 
prosthesis consists of an anatomie distal ulnar replacement 
with or withoutsoft tissue reconstruction. The options include 
a distal ulnar arthroplasty (ulnar head replacement) alone or 
distal ulnar replacement and resurfacing of the sigmoid fossa. 
There are a number of hemiarthroplasties that hâve been used 
as distal ulnar head replacements. These include the Herbert- 
Martin prosthesis (KLS Martin, Tuttinger, Germany), the 
uHead® cobalt chrome prosthesis with titanium-coated stem 
(Small Bone Innovations, Morrisville, Pennsylvania), the 
partial or complété pyrolytic carbon prosthesis (Ascension 
Orthopedics), and the Eclypse® (Tornier, Inc, Cedex, France) 
pyrocarbon partial head implant. 

INDICATIONS 

A primary indication for an ulnar head implant arthroplasty 
is symptomatic distal radioulnar joint (DRUJ) arthrosis. 
Another common indication is posttraumatic DRUJ osteo- 
arthritis (OA) foliowing a distal radius and/or ulnar head 
fracture or an irreducible fracture dislocation. An ulnar head 
replacement is indicated in advanced rheumatoid arthritis 
and for painful convergence of the ulnar stump following a 
Darrach or hemiresection arthroplasty, Sauvé-Kapandji pro¬ 
cedure, or ulnar head excision for tumors. 

CONTRAINDICATIONS 

Contraindications for a nonconstrained or partial ulnar 
head implant include DRUJ instability secondary to an unre- 
constructable triangular fibrocartilage complex (TFCC) or 
distal interosseous membrane, previous infection, marked 
osteoporosis or cystic bone disease, unstable soft tissue cov- 
erage, and persistent DRUJ instability following an Essex- 
Lopresti in jury. Inadéquate soft tissue for the flap repair 
may resuit in instability of the prosthesis and may be con- 
traindicated in patients with severe ligamentous laxity, s car- 
ring, or destructive rheumatoid arthritis. A malunion of the 


distal radius would need a prior or simultaneous corrective 
osteotomy to provide correct alignment as would any ulnar 
shaft deformity. Advanced arthritis of the sigmoid fossa is 
relatively contraindicated unless a total joint replacement is 
performed. Prior wrist fusion has been associated with an 
increased risk of prosthetic loosening; hence, cernent fixa¬ 
tion of the distal ulnar implant is recommended in the face 
of a prior total wrist fusion. 

uHead® ENDOPROSTHESIS 

The uHead® endoprosthesis is a modular endoprosthesis 
that consists of a métal stem with a shaft that can be press-fit 
or cemented into the intramedullary canal of the distal ulna. 
A métal semispheric ulnar head of cobalt-chrome alloy is 
connected to an intramedullary stem of cobalt-chrome alloy 
with a titanium-sprayed finish through a tight-fit Morse- 
taper junction. There are 2 stem-neck designs: an extended 
collar for révision of previous distal ulnar complété resection 
and a normal collar for primary procedures calling for ulnar 
head excision and for révision of failed distal ulnar head 
resection procedures. The head has a provision for suture 
fixation of the TFCC and extensor carpi ulnaris (ECU) sub- 
sheath to the device for the initial soft tissue stabilization. 
To ensure adéquate length correction after previous surgery, 
differently sized ulnar head components and extended col- 
lars are available to compensate for shortening of the ulna 
after ulnar head resection (Fig. 34B-1A-F). 

SURGICAL TECHNIQUE 

The DRUJ is approached through a dorsal ulnar incision. 1 
The extensor retinaculum is reflected and the dorsal cutane- 
ous branch of the ulnar nerve is identified and protected. The 
DRUJ capsule is divided and retracted along with ECU sub- 
sheath. The triangular fibrocartilage (TFC) is either reflected 
and suture tagged or left attached to the ulnar styloid that 
is released (divided) from the ulnar head. The uHead® has 
2 resection guides for a normal length and extended collar 
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FIGURE 34B-1 uHead® arthroplasty. A. Exposure of ulnar head 
with marked chondromalacia (arrow). B. Implantation of stem 
with exposure of sigmoid notch. C. After insertion of prosthetic 
head. D. Repair of TFCC and ECU subsheath over prosthetic 
head. E and F. Postoperative AP and latéral x-ray views. 
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designs for early and late prosthesis replacement. After ulnar 
head resection, the intramedullary canal of the distal ulna is 
broached to match the expected stem size of the ulnar implant. 
The ulnar head size is also templated either directly f rom x-ray 
of the planned resected ulna or from the opposite distal ulna. 
The trial of the ulnar head and prosthesis are inserted and are 
tested clinically for stability, length, and position. The ulnar 
head should be neutral or négative ulnar variance. The ulnar 
head should be stable during testing of forearm rotation and 
not be too loose or unstable or overstuffed. The ulnar head 
should match or be smaller than the normal ulnar head size. 

Prior to ulnar head linkage with the intramedullary stem 
component the TFC and ECU subsheath are attached by 
nonabsorbable 2-0 or 3-0 suture through the drill holes in 
the ulnar head. After prosthetic insertion, the soft tissues 
about the DRUJ are tightened in neutral rotation. The 
extensor retinaculum is repaired and the skin closed. A long 
arm splint is applied for 8 weeks to allow for bone ingrowth 
to the sintered titanium stem and soft tissue healing foliowed 
by strengthening exercises. 

OUTCOMES 

Kakar et al reviewed the results of 47 patients with an aver¬ 
age âge of 48 years (range 19-74 years) who received a unilat¬ 
éral DRUJ implant at a mean foliow-up of 56 months (range, 
16-126 months). 2 The indications for surgery included DRUJ 
in jury due to a distal radius fracture in 22 wrists, répétitive 
overuse in 7, inflammatory disease in 7, DRUJ dislocation in 
5, and other causes in 6. Forty patients had a total of 52 previ- 
ous procedures related to the distal ulna. Cernent fixation was 
used in 5 patients. The postoperative pain score decreased 
from 5 to 2 ± 2. The mean Mayo wrist score improved from 
41 ± 9 to 69 ± 12 points after surgery, a mean improvement of 
2 9 ± 12 points. There was a n increase i n postoperative grip and 
key pinch strength as well as wrist motion, but these changes 
did not reach statistical significance. At the final radiographie 
follow-up of 4.1 years (range, 13 months to 11.5 years), 37% 
of implants had greater than 2 mm of lucency around the 
stem and 40% had pedestal formation at the tip. A total of 
16 implants (34%) had evidence of greater than 5 mm dorsal 
instability on the latéral radiograph. In addition, 57% dem- 
onstrated radiographie evidence of ulnar head érosion or 
osteolysis of the sigmoid notch. There were 8 implants that 
failed during a 6-year follow-up, giving an implant survival 
of 83%. Five were for aseptie loosening necessitating implant 
exchange, 1 was revised with the addition of a sigmoid notch 
replacement, and 2 were converted to a total DRUJ prosthesis 
(APTIS Medical, Louisville, Kentucky) because of persistent 
pain and instability despite attempts at soft tissue stabilization. 

COMPLICATIONS 

Four patients had complications, 1 early and 3 late. There was 
1 intraoperative nondisplaced fracture of the ulna, 1 patient 
with a painful neuroma of the dorsal cutaneous branch of the 


ulnar nerve, and 1 patient with symptomatic instability of the 
ulnar head prosthesis, which was restored at révision surgery 
with a distally based strip of flexor carpi ulnaris (FCU) ten¬ 
don (Linscheid-Hui procedure). Two patients had intramed¬ 
ullary stem loosening that was revised with bone cernent at 
14 to 16 months. 

SIGMOID NOTCH PROSTHESIS 

The STABILITY prosthesis (Small Bone Innovations) is part 
of a modular System consisting of the uHead® ulnar head 
prosthesis and a polyethylene sigmoid notch resurfacing 
implant. The sigmoid notch implant cornes in 2 sizes and 
consists of a cobalt chrome radial plate with a titanium coat- 
ing and fixation screws and an ultra-high-molecular-weight 
polyethylene insert. The insert slides onto the plate foliowing 
plate fixation and is secured via a peripheral and ramp lock 
snap fit. The implants are designed so that any size sigmoid 
notch can accommodate any size head. 

Indications 

There is a high incidence of sigmoid notch érosion folio w- 
ing ulnar head replacement, which is the main indication for 
surgery. While érosion alone has not been linked directly to 
pain, there is some concern regarding the overall impact on 
clinical symptomatology and on long-term implant survival. 

Contraindications 

This implant cannot be used with poor radial bone stock, 
active infection, or ulnar head implant instability. It has not 
been used as a stand-alone implant. 

Surgical Technique 

The DRUJ approach is the same as described for the ulnar 
head implant. The sigmoid notch component is placed after 
préparation of the ulnar shaft for ulnar head replacement. 
A trial head and saddle tool is placed onto the ulnar stem 
prior to placement of the final ulnar head prosthesis. This 
trial head and saddle tool is cannulated allô wing the surgeon 
to drill a guidewire into the sigmoid notch. The position of 
the guidewire is then verified with posterior-anterior and 
latéral fluoroscopy. Once the position has been confirmed, 
the trial head is then removed and a cannulated drill is 
passed over the guidewire to create a pilot hole for the sig¬ 
moid implant. The implant is then pressed into position and 
acancellous bone screw is then placed into the sigmoid com¬ 
ponent firmly fixing it to the distal radius. The polyethylene 
insert is then placed onto the sigmoid component. The final 
ulnar head stem and prosthesis are then inserted into the 
ulnar shaft. The joint is reduced and the capsule is closed 
(Fig. 34B-2A-H). A sugar tong splint is used for 2 weeks 
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FIGURE 34B-2 STABILITY Sigmoid Notch replacement. A. Painful sigmoid notch érosion in a 50-year-old female at 1 year following a uHead® 
arthroplasty. B. Photo of porous-coated sigmoid notch insert. C. Intraoperative photo illustrating the sigmoid notch implant with t he polyethelene 
insert. D. Drill hole for STABILITY plate implantation. E. X-ray following STABILITY implant insertion. F. Clinical photo of polyethylene lining. 
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foliowed by a Muenster cast or long arm cast in full fore- 
arm supination for 4 additional weeks, followed by range 
of motion exercises at 6 weeks. The patients are allô wed to 
return to regular activities at 12 weeks. 

Outcomes 

Moran and coworkers performed a rétrospective review of 
4 patients with a mean âge of 42.5 years (range 35-51 years) 
who had undergone placement of the STABILITY Sigmoid 
Notch Total DRUJ System. 3 The mean follow-up was 
46 months (range 36-66 months). Ail patients had an aver¬ 
age of 4 (range 2-7) prior operative procedures before receiv- 
ing a total DRUJ replacement. Successful implant of the 
total DRUJ was achieved in each patient. Subluxation was 
defined by drawing a longitudinal line through the center 
of the radius and the ulnar head and the distance between 
the 2 Unes at the distalmost aspect of the sigmoid notch 
was measured. A différence of 5 mm was defined as a sign 
of dorsal implant instability while a négative measurement 
greater than 5 mm indicated volar instability. The implants 
were evaluated for loosening, which was defined as greater 
than 2 mm of lucency around the ulnar prosthetic stem or 
greater than 2 mm of lucency around the screws of the sig¬ 
moid implant. Radiographs were also evaluated for osteol- 
ysis under the ulnar head and collar pedestal formation at 
the tip of the stem. The average preoperative visual analog 
pain scale (VAS) score (scale 1-10) was 8 and averaged 2.5 at 
the final follow-up. The preoperative grip strength averaged 
7.5 kg (range 4-12 kg) and improved postoperatively to an 
average of 25.5 kg (range 10-32 kg). The forearm rotation 
remained stable or improved in ail patients with a mean final 
pronation of 80° (range 60°-90°) and mean supination of 


64° (range 45°-90°). There was no clinical evidence of insta¬ 
bility noted in any of the forearms. Patient satisfaction was 
100% with ail patients stating they would hâve the operation 
again. There were no secondary procedures performed with 
implant survival of 100% at an average of 46 months. There 
was no evidence of ulnar stem or sigmoid notch loosening 
and no evidence of dorsal or volar instability. There was also 
no evidence for polyethylene wear or particular synovitis. Ail 
ulnar shafts showed evidence of tapering and 2 of the 4 had 
evidence of pedestal formation. 

SALVAGE 

In late cases of distal ulnar resection associated with DRUJ 
instability reconstruction of the ligament support of the 
DRUJ may be necessary. Options for the later include use 
of the FCU, brachioradialis (BR), or palmaris longus (PL) 
tendons. Gupta has described the BR wrap procedure that 
consists of rerouting the insertion of the BR from radial to 
ulna dorsally or volarly to reconstruct the dorsal and volar 
DRUJ capsule. 4 

Indication/Contraindication 

The BR wrap can be used for an unstable DRUJ with a pre- 
served ulnar head as well as foliowing an ulnar head implant 
arthroplasty. Active infection is a main contraindication. 
A previous release of the BR tendon during internai fixa¬ 
tion of the distal radius precludes the use of this procedure. 
Inadéquate soft tissue coverage should be managed with 
pedicled or free tissue transfer prior to performing the BR 
wrap. 
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Surgical Technique 

The BR is first identified through a 4-cm radial incision 
proximal to the first extensor compartment. 4 A second 4-cm 
incision is made more proximally at the musculotendinous 
junction. The superficial radial nerve is identified and gen- 
tly retracted. The muscle is gently teased off the tendon to 
increase the graft length. The BR tendon is released and 
pulled into the wrist incision. The DRUJ is exposed through 
a midlateral incision between the ECU and FCU, protecting 
the DCBUN. The pronator quadratus (PQ) muscle is iden¬ 
tified on the palmar aspect of the radius. A channel is dis- 
sected by subperiosteally elevating a strip of the PQ from the 
radial to the ulnar incision. The free proximal end of the BR 
tendon is now passed in this channel from the radial to the 
ulnar side, leaving the BR attached at its radial styloid inser¬ 
tion and retrieved in the ulnar incision. Suture anchors are 
inserted on the palmar and dorsal rim of the sigmoid notch, 
and used to prevent any palmar or dorsal into which the 
ulnar head may sublux. Prosthetic replacement of the sig¬ 
moid notch and/or the ulnar head is now carried out. The 
fiat BR tendon is draped over the ulnar head replacement 
and while holding the ulnar head reduced in the sigmoid 
notch, the BR is sutured tightly to the dorsal rim of the sig¬ 
moid notch using the suture anchor. The remaining BR ten¬ 
don is then passed palmar to the extensor tendons, so that it 
lies on the dorsal cortex of the radius. It is delivered into the 
radial incision, where it is sutured to the intact portion of the 
BR tendon with nonabsorbable sutures proximal to the first 
extensor compartment. This holds the replaced ulnar head 
well reduced relative to the radius in ail planes while at the 
same time allowing the ulnar head to rotate in the sigmoid 
notch. The ulnar part of the TFCC and other remaining ulnar 
soft tissue stabilizers may be sutured to the distal part of the 
BR as it wraps around the ulnar head, thus forming a soft tis¬ 
sue hood around the replaced ulnar head. If the ulnar head 
subluxation is primarily on the dorsal side, the BR tendon is 
routed from the dorsal to palmar side (Fig. 34B-3A-F). The 
patient is immobilized in a sugar tong splint for 2 weeks, fol- 
lowed by gentle active and passive range of motion exercises. 

HERBERT-MARTIN CERAMIC 
ULNAR HEAD IMPLANT 

Herbert started using a Swanson silicone ulnar head implant 
in 1981 for patients with symptomatic posttraumatic 
arthritis of the DRUJ, but because of the poor midterm 
outcomes he developed a modular ulnar head prosthe- 
sis with assistance from the Department of Biomechanical 
Engineering, University of New South Wales. 5 They chose 
ceramic (zirconium oxide) as the material most suitable 
for articulation with joint cartilage. They decided to use a 
noncemented stem made of porous-coated titanium because 
of its known biocompatibility and a modulus of elasticity 
(100,000 N/mm 2 ) that is very similar to that of bone. The 
Herbert ulnar head prosthesis (Martin Medizintechnik) first 


became available early in 1995, and the first 5 cases were car¬ 
ried out at that time, with encouraging short-term results. 
A multicenter clinical trial was initiated later that year, a nd 
the prosthesis was released for general use in 1998. The indi¬ 
cations and contraindications are as described above. 


Surgical Technique 

A dorsal approach is performed between the fifth and sixth 
extensor compartments raising an ulnar-based capsular- 
retinacular flap. 5 A resection guide is hooked over the distal 
end of the radius, and the appropriate resection level as deter- 
mined from the preoperative x-rays is marked. An oscillating 
saw is used for the osteotomy and the ulnar head is removed, 
while preserving the TFCC. Any TFCC tears are repaired or 
patched using a flap of retinaculum. The ulnar shaft is hand 
reamed to the appropriate diameter with progressively larger 
reamers. The sigmoid fossa is debrided of any loose osteo- 
phytes, débris, or s car tissue. Two holes are drilled through 
the dorsal rim of the sigmoid for later flap reattachment. 
A trial prosthesis is inserted to check the length ensuring 
that the flap does not impinge on the TFCC in full prona¬ 
tion; otherwise more bone is resected. If the resection is too 
proximal, a stem with a longer collar is used. The ulnar flap is 
manually advanced over the prosthesis and held down onto 
the dorsal rim of the sigmoid to assess the range of motion as 
well as the implant stability. 

Any necessary adjustments are made such as changing 
the head size, tightening, or releasing the flap and/or adja¬ 
cent soft tissues to ensure a stable réduction with a full range 
of rotation. The position is checked under fluoroscopy prior 
to inserting the definitive prosthesis. The stem is press-fit 
without cernent, using the impactor to ensure that the collar 
sits flush on the distal end of the ulna. The head is impacted 
on the distal cône of the stem to ensure a good interférence 
fit between the 2 components. The flap is reattached with 
sutures through the sigmoid drill holes prior to implant 
réduction, and then sutured to the dorsal rim of the TFCC. 

In patients with painful instability following a Sauvé- 
Kapandji procedure a resection of the fusion mass and inser¬ 
tion of the prosthesis is preferred if either the fusion has not 
healed completely or the original fusion has been performed 
in an ulna-plus situation leading to additional symptoms of 
ulnar impaction syndrome. If this is not an option, Fernandez 
et al hâve described using a specially designed spherical head 
to articulate within the previously fused ulnar head follow¬ 
ing reaming of a socket into the proximal fusion mass. 6 

Outcomes 

Van Schoonhoven and Lanz reviewed the results of ulnar 
head replacement using the Herbert ceramic ulnar head 
implant for painful instability following a resection arthro- 
plasty of the DRUJ in 76 patients with a mean foliow-up of 
95 (61-124) months. 7 The VAS was reduced from a mean 
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FIGURE 34B-3 Brachioradialis wrap. A. Unstable uHead® prosthesis. B. Harvesting of brachioradialis tendon. C. Rerouting BR tendon palmar to 
the pronator quadratus. D. BR tendon wrapped around uHead®. E. Soft tissue repair. F. Intraoperative x-ray showing a congruent réduction of the 
prosthesis. 


of 8.7 preoperatively to 2.0. Preoperative grip strength 
averaged 42% compared with the contralatéral side and 
increased to a mean of 74%. Forearm rotation improved 
from a mean of 126° to 144°. The overall satisfaction was 
found to be very high with a mean of 8.4 on a Visual s cale 


from 0 to 10. Radiographically, early bone résorption at the 
distal end of the ulna under the collar of the prosthesis was 
seen in 6 patients and averaged 2 mm. It was common to find 
some reactive bone remodeling at the sigmoid fossa, which 
was seen in 5 patients. These bone reactions were felt to be 
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harmless and resolved after 12 to 18 months. There were no 
signs of late loosening of the stem on long-term follow-up. 

PYROCARBON PARTIAL 
HEAD IMPLANT 

Indications 

A pyrocarbon partial head implant (Eclypse®) is indicated 
in ail those conditions where one would consider perform- 
ing a hemiresection-interposition arthroplasty (Bowers 
procedure). 8 These include isolated OA of the DRUJ, post- 
traumatic deformity of the articular surface of the ulnar 
head with préservation of the sigmoid notch, and ulnar head 
degeneration secondary to chronic inflammatory disease 
such as chondrocalcinosis or rheumatoid arthritis, provided 
there is no major DRUJ instability. 

Contraindications 

Eclypse® is not indicated in the presence of DRUJ insta- 
bility owing to rupture or insufficiency of both the distal 
radioulnar and ulnocarpal ligaments. If only the radioulnar 
ligaments are disrupted but the ulnocarpal ligaments still 
maintain some level of stability, the implant may be used. 
Other contraindications are when the sigmoid is not concave 
and congruent, or if the radius exhibits substantial malalign- 
ment, which would require a corrective osteotomy prior to 
implantation. If there is a noncorrectable radial deformity 
that makes it impossible for the implant to articulate with 
the radius or if the ulnar head has been excised to a level 
where no contact can be reestablished between the Eclypse® 
and the sigmoid notch, this implant should not be utilized. 
In the latter cases, a total ulnar head implant or a total DRUJ 
prosthesis would be indicated. 

Surgical Technique 

A dorsoulnar skin incision centered on the ulnar head is 
made, identifying and protecting the DCBUN. The fifth 
extensor compartment is released longitudinally, and an 
ulnar-based retinacular flap is elevated taking care not to 
enter the DRUJ joint. If the ECU tendon is unstable and sub¬ 
luxes toward the palmar corner of the wrist in supination and 
ulnar déviation, an ECU sling is reconstructed using a por¬ 
tion of extensor retinaculum. An ulnar-based capsular flap is 
developed and detached off the médial edge of the radius by 
dividing the peripheral fibers that attach to the dorsal radio¬ 
ulnar ligament. The forearm is then fully pronated and the 
ulnar head is dorsally subluxed into the wound. Two osteot¬ 
omy cuts are performed using a specialized guide, including 
atransverse osteotomy of about half the diameter of the ulnar 
head, perpendicular to the longitudinal axis of the ulna, and 
a longitudinal osteotomy along the sagittal plane at the level 
of the fovea and adjacent to the styloid process. This second 


eut is perpendicular to the plane of flexion-extension of the 
elbow to create a fiat surface parallel to the sigmoid notch 
of the radius. The implant rests on the top of this horizontal 
surface, so that the radius rotâtes around its center, during 
supination to pronation. An awl is introduced at the center 
of the basistyloid fovea parallel to the ulnar diaphysis. A drill 
is used to create a 40-mm long vertical tunnel in the metaph- 
ysis. If the drill abuts the cortical bone, the small, 3.5-mm 
diameter stem is used, whereas a 4.5- or 5.5-mm drill is used 
with larger canals and a medium-size stem is press-fit. The 4 
legs of the stem are rectangular shaped and are compressed 
with a specially designed clamp during insertion to facilitate 
stem impaction and allow proper orientation. The stem has 
a semicircular horizontal plate with a fiat edge and a central 
peg for the ulnar head insertion. The fiat edge of this plate is 
inset parallel to the sagittal osteotomy. Once fully inserted, 
the proximal tips of the 4 legs expand, which maximizes 
the stability of the implant while allowing bone formation 
among the vertical slits formed by the 4 legs. The DRUJ sta¬ 
bility is assessed throughout the entire range of forearm rota¬ 
tion. The ulnar head should move easily around the central 
peg, continuously adjusting its position to match the chang- 
ing space between radius and ulna. The titanium stem usu- 
ally undergoes bony incorporation in about 6 weeks; hence, 
the patient is protected from passive hyper pronation or supi¬ 
nation during that period. A loose ulnar head is not prob- 
lematic, as long as the central stem prevents any possibility 
of implant dislocation since the implant serves mostly as a 
spacer that maintains proper séparation of the 2 bones. The 
capsule is repaired in layers. 

Outcomes 

Garcia-Elias initially reported 3 cases (47, 56, and 60 years 
old). At a 10-month follow-up the mean pronation was 75°, 
supination 80°, and lifting averaged 4 kg. 8 He later reviewed 
13 patients foliowing an arthroplasty. 9 At an average follow- 
up of 12 months (range 7-25), the patients had minimal dis- 
comfort at the extremes of motion, with a mean pronation of 
75° and supination of 65°. In another sériés 14 patients who 
were treated with the Eclypse® implant were evaluated. 10 The 
mean DASH score at the latest follow-up was 31 (range 0-63). 
Thirteen patients had no pain at rest while 3 had slight pain, 
8 had no pain with light activity while 6 had slight pain, a nd 
2 had moderate pain. During heavy activity 5 had no pain, 2 
had slight pain, 6 had moderate pain, and 3 had severe pain. 
The average pronation was 86° (100% of the opposite side) 
and the average supination was 69° (93% of the opposite side). 

SEMICONSTRAINED 
DRUJ PROSTHESIS 

Absence of an intact DRUJ, as occurs following an ulnar 
head resection, causes the distal ulnar stump to impinge 
on the radius metaphysis when loading the DRUJ such as 
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when lifting a drinking glass. This impingement may not 
be évident on regular posteroanterior x-rays since the fore¬ 
arm is not loaded in this position. 11 A cross-table latéral 
obtained when the person is holding a weight against grav- 
ity with the forearm in the neutral position demonstrates 
the impingement. Scheker has designed a semiconstrained 
DRU J implant that can be used in cases of DRU J instability 
(APTIS® distal radioulnar joint total replacement prosthesis, 
APTIS Medical). The DRUJ prosthesis is a semiconstrained 
ball-and-socket joint comprising a radial component and 
an ulnar component. The radial component is shaped in 
the form of a plate with a hemisocket on the distal end. The 
body of the plate, with its 5 screw holes, is contoured to fit 
against the distal 6 to 7 cm of the interosseous crest, in the 
area of the sigmoid notch. The plate is fixed to the radius 
by a peg that is driven into the distal radius in an ulnora- 
dial direction, in addition to screw fixation of the plate with 
3.5-mm cortical screws. The hemisocket, which is part of the 
plate, is directed ulnarward and is designed to receive the 
ultra-high-molecular-weight polyethylene bail of the ulnar 
component. The other half of the socket consists of a cover 
that encloses the ultra-high-molecular-weight polyethylene 
bail and is fixed to its counterpart on the plate by means of 
2 screws. The radial component is available in 2 sizes, small 
(size 20) and large (size 30), which fit with the corresponding 
sizes of the ulnar component. The ulnar component consists 
of an 11 cm long plasma-coated fluted stem. The most distal 
end of the stem bears a highly polished peg that fits into the 
hole of an ultra-high-molecular-weight polyethylene bail. 
The stems areprovided in 2 diameters, 4.5 and 5.0 mm, and 
hâve correspondingly sized ultra-high-molecular-weight 
polyethylene balls. Each size couples with the small and large 
radial components, respectively. 

Indications 

This implant is ideally used in patients who hâve a nonrecon- 
structable painful instability of the ulnar head with erosive 
changes in the DRUJ. It can also be used after a failed ulnar 
head resection or following failed ulnar head arthroplasty. 

Contraindications 

Severe osteoporosis, unresolved osteomyelitis, and systemic 
disease contraindicate the use of the prosthesis. The implant 
is bulkier than an ulnar head prosthesis; hence, inadéquate 
soft tissue coverage precludes the use of this implant. 

Surgical Technique 

The forearm is placed in full pronation and a 7- to 8-cm 
hockey stick incision is made above the dorsal latéral aspect 
of the distal ulna, turning radially just distal to the head of 
the ulna. 12 The incision is deepened through the interval 
between the extensor digiti quinti minimi and ECU sheath, 


which is released from the ulna, taking care to protect the 
DCBUN. A fascial flap can be created to later provide a bar¬ 
der between the prosthesis and tendons. If présent, the head 
of the ulna is then excised at the neck level while preserving 
the radial attachment of the TFCC. Excising the ulnar head 
facilitâtes the exposure of the radius by allowing the ulnar 
shaft to be retracted palmarward. Any DRUJ osteophytes 
are excised and the interosseous membrane is elevated 8 to 
9 cm proximally. The radial plate trial is then placed over 
the interosseous surface of the radius and held with K-wires. 
The distal end of the trial should be 3 mm proximal to the 
radiocarpal joint in the area of the sigmoid notch to pre- 
vent radiocarpal impingement, with the palmar edge of the 
plate aligned with the volar edge of the radius. A 2.5-mm 
drill bit is used to drill a transverse hole through the sliding 
guide hole of the trial followed by a tap and 3.5-mm screw. 
Once the final position is confirmed, the distal K-wires are 
removed and the radial peg drill bit is passed through the 
center distal guide hole of the trial. The trial component is 
removed and replaced with the radial plate component that 
is held by screws. A short 18-mm distal screw is used to pre- 
vent impingement against the transverse peg. 

With the forearm fully pronated, a specially designed 
measuring device is inserted along the ulna and into the 
hemisocket of the radial component. With the measuring 
device in place, the proximal edge of the métal lip below the 
bail indicates the appropriate level of resection to provide 
1 mm of tolérance. An extended stem with a lengthened col- 
lar can be used when too much bone has been lost due to 
in jury or previous surgery. A 0.062-in guide wire is inserted 
into the medullary canal followed by a cannulated drill bit. 
The canal is reamed to a depth of 11 cm until the shoulder of 
the medullary reamer cornes into contact with the distal end 
of the ulnar shaft. The ulnar stem component is introduced 
using a plastic impactor. The ulnar component is completed 
by placing the ultra-high-molecular-weight polyethylene 
bail over the distal peg of the ulnar s tem. This combination 
replaces the function of the ulnar head. Finally, the cover is 
positioned over the radial socket and secured with 2 screws 
to encapsulate the ultra-high-molecular-weight polyethylene 
bail, which recréâtes the stabilizing effects of an intact TFCC 
and complétés the prosthesis (Fig. 34B-4A-J). The wound is 
closed and a bulky splint is applied, followed by wrist motion 
and forearm rotation at 2 weeks. 


Outcomes 

Schekers group interviewed/examined 31 patients who had 
received the prosthesis, at a mean follow-up of 5.9 years 
(range, 4-9 years). The forearm pronation increased from a 
mean of 65° (range, 5°-90°) to 74° (range, 20°-90°) and the 
supination increased from 53° (range, 5°-90°) to 70° (range, 
20°-90°). The grip strength increased from a mean of 10 to 
24 kg. Weight bearing was restored or increased in 29 of 31 
patients, while greatly diminishing and/or eliminating DRUJ 
pain. 
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Fox et al presented the outcomes of 10 patients with a 
mean âge of 47 years who received the APTIS® prosthesis 
at a mean follow-up of 3.3 years (2.2-4.0 years) and after 
a mean of 4 prior wrist surgeries. 13 One patient required 
révision of a loose ulnar stem at 7 months. Five patients 
were treated with secondary procedures for either extensor 
tendon irritation or prominent radial-sided screw tips. The 
average forearm rotation remained unchanged versus the 


preoperative status. In a similar study Axelsson reviewed 
9 patients treated with the APTIS® prosthesis after a mean 
of 3.4 prior surgeries (range 1-7) and a mean follow-up 
of 35 months (range 12-62 months). 14 The médian VAS 
decreased from 6 preoperatively to 0.5. The médian DASH 
score improvedfrom 43 to 29. The médian grip increased 
from 17 to 21 kg. There were no radiographie signs of 
loosening. 







FIGURE 34B-4 APTIS® distal radioulnar joint prosthesis. A and B. AP and latéral views of a nonunion of t he radius and ulnar with a marked ulnar 
variance and DRUJ disruption. C. Clinical appearance of the forearm. D. Intraoperative x-ray following plate removal showing the marked radioulnar 
height discrepancy. E. Provisional stabilization of the radius nonunion with the radial plate. F. Intraoperative x-ray following insertion of the prosthe¬ 
sis. G. Additional plating of the nonunion of the radius. 
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FIGURE 34B-4 ( Continued ) H. X-ray appearance at 2 years. I and J. Limited but stable arc of pronation and supination. 
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Forearm Fractures 

John Kadzielski, MD 
David C. Ring, MD, PhD 


INTRODUCTION 

Diaphyseal fractures of the forearm are usually relatively 
high-energy injuries in active patients with good bone 
quality. It is important to evaluate the proximal radioul- 
nar joint (PRUJ) and distal radioulnar joint (DRUJ), par- 
ticularly if only 1 of the forearm bones is fractured. The 
ad vent of plates and screws of adéquate length, thickness, 
and metallurgy transformed the care of these injuries and 
remains the treatment of choice for ail but the most con- 
taminated or devitalized fractures. The forearm is a joint as 
well as a strut, so anatomie alignment and early mobiliza- 
tion are important. Angulation of more than 10° or loss of 
the normal bow of the radius is associated with decreased 
forearm rotation and—on occasion—DRUJ instability or 
arthrosis. 1,2 Nonunions are associated with the degree of 
injury complexity, infection, and a plate that is too short 
or too thin. 13>16 

RATIONALE AND BASIC SCIENCE 

The forearm is a both a strut that helps place the hand in 
space and an articulation that helps position the hand for 
better manipulation of objects. The diaphyseal ulna is 
fairly straight with a gentle apex posterior bow proximally, 
which is best appreciated on the latéral x-ray. It is triangu- 
lar in its cross-section and becomes more cylindrical distally 
(Fig. 35-1). The radius is angulated in both the anteropos- 
terior and latéral planes. The bow of the radius allows it to 
rotate over the ulna without impingement. The annular, 
quadrate, and interosseous ligaments contribute to the sta- 
bility of the PRUJ. The dorsal and volar radioulnar ligaments, 
the ligamentum suberuentum, the ulnar collateral ligament, 
and the subsheath of the extensor carpi ulnaris combine 
to form a structure known as the triangular fibrocartilage 
complex and confer stability to the DRUJ. The articular dise 
component of the triangular fibrocartilage complex may 
help cushion the articulation of the distal ulna with the car- 
pus. Methods of fixation strive to recreate these anatomie 
relationships, restore soft tissue integrity and balance, and 


provide sufficient stability to allow for immédiate use of the 
arm for light functional activities and active self-assisted 
stretching exercises. 

INDICATIONS 

AU diaphyseal fractures of both forearm bones in adults are 
treated with plate and screw fixation. Skeletally mature girls 
older than 10 and boys older than 12 are treated like adults 
because there is limited remodeling of diaphyseal fractures 
near the end of growth. Cast treatment may be considered 
if near-anatomic réduction is achieved in older skeletaUy 
immature patients. 

The indications for operative treatment of an isolated 
diaphyseal ulnar fracture are debated. Nonunion is uncom- 
mon with nonoperative treatment, even when the arm is not 
immobilized. The patients and the treating surgeon should 
be aware that isolated diaphyseal ulnar fractures can remain 
painful and limiting for up to 3 months even if the fractures 
are secondary to low-energy trauma. Fractures with greater 
than 50% loss of bony apposition or greater than 10° of angu¬ 
lation are considered for surgery. 

Isolated diaphyseal radius fractures with or without dis¬ 
location of the DRUJ (ie, Galeazzi fractures 11 ) and isolated 
ulnar fractures with disruption of the PRUJ (ie, Monteggia 
fractures 19 ) are treated with plate and screw fixation in adults. 

The timing for surgical repair is dictated by the associated 
injuries and additional factors that may be associated with 
the trauma including an acute-onset carpal tunnel syndrome 
or a compartment syndrome. Diaphyseal forearm fractures 
can be difficult to reduce; therefore, it is expédient to operate 
within a week of in jury. Most patients with this in jury are 
admitted and hâve an operation within 1 to 2 days. 

CONTRAINDICATIONS 

Contraindications to operative management of these frac¬ 
tures include fractures in skeletally immature patients who 
hâve substantial remodeling potential. In patients with 
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FIGURE 35-1 Cross-sectional view of the distal third of the forearm. 


life-threatening injuries, forearm fracture care is of a lower 
priority with the exception of open fractures, and fractures 
with vascular in jury or any compartment syndrome. A very 
severe contaminated or devitalized open fracture might be 
initially debrided and stabilized with an external fixator 
prior to definitive plate and screw fixation. 

SURGICAL TECHNIQUES 
Isolated Ulnar Fracture 

Isolated ulnar fractures (Fig. 35-2A and B) can be plated 
under tourniquet control and general or régional anesthésia 
with the patient positioned supine with the arm on a hand 
table or in the latéral decubitus position with the arm over a 
pillow bolster or an arm holder. An incision centered at the 
fracture site is made directly over the subcutaneous border 
of the ulna. The internervous plane is between the extensor 
carpi ulnaris innervated by the radial nerve and the flexor 
carpi ulnaris that is innervated by the ulnar nerve (Fig. 35-1). 
Once the fracture is exposed, the incision can be extended 
proximally and distally to facilitate the réduction and plate 
application. 

An extraperiosteal dissection is performed on the volar 
aspect of the ulna to preserve the muscular and periosteal 
arterial perforators and to keep the dissection away from the 
interosseous space to diminish the risk of synostosis. 

A 3.5-mm dynamic compression plate or the équivalent 
should be used (Fig. 35-3A and B). In the case of a transverse 
fracture the plate is prebent to compress at the opposite cor¬ 
tex of the fracture site first. For oblique fractures, interfrag- 
mentary compression is applied using a lag s crew at 90° to 
the fracture plane either through the plate or separate from 
it. The réduction is checked fluoroscopically. 


Both-bone Forearm Fracture 

With a both-bone forearm fracture our preference is to posi¬ 
tion the patient in the supine position with the arm extended 
on a hand table under tourniquet control and general anes¬ 
thésia rather than a régional block in order to monitor for a 
compartment syndrome postoperatively. 



FIGURE 35-2 Latéral (A) and AP (B) x-rays of the forearm showing a 
diaphyseal ulnar fracture. 
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FIGURE 35-3 Latéral (A) and AP (B) x-rays of the forearm showing 
3.5-mm plate fixation of the diaphyseal ulnar fracture. 


We suggest addressing the least comminuted bone first, 
because it is easier to ensure a correct alignment if the frac¬ 
ture Unes lock into place. Diaphyseal fractures can be dif- 
ficult to reduce, especially in heavily muscled individuals. 
Indirect réduction techniques such as using a push-pull 
screw or a temporary external fixator can facilitate this step 
(Fig. 35-4A-C). Alignment and provisional fixation of the 
less comminuted fracture with a plate and at least 2 screws 
on each side of the fracture helps restore the anatomie rela- 
tionships and tissue balance, facilitating the réduction and 
fixation of the more complex fracture. 

The ulna is plated as described above. An anterior 
(Henry) exposure is used for exposing the radius because it 
is extensile and there is less risk of a posterior interosseous 
nerve proximally (Fig. 35-5). A longitudinal incision is made 
centeredover the fracture site on a line that is drawn between 
the scaphoid tuberosity and the radial aspect of the biceps 
tendon. 

The deep fascia is released ulnar to the brachioradialis 
(Fig. 35-6A-C). An internervous plane is developed between 
the brachioradialis (radial nerve) and flexor carpi radialis 
(médian nerve). The radial artery is retracted medially with 
the flexor pronator muscles, ligating the radial branches. 
The superficial branch of the radial nerve is identified and 
retracted radially with the brachioradialis. 

For proximal third fractures, keeping the forearm in 
supination helps protect the posterior interosseous nerve by 
sweeping it laterally. If the anatomy is distorted and proxi¬ 
mal edge of the supinator is ill-defined, the posterior inter¬ 
osseous nerve is identified within the supinator muscle and 



FIGURE 35-4 External fixator applied for provisional fixation to 
facilitation open réduction and internai fixation of both-bone forearm 
fracture (A-C). 
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FIGURE 35-5 Anterior Henry approach to the radius. 


protected. The plate can be applied over the fiat tendinous 
insertion of the pronator teres if necessary. In the distal half 
of the radius, the flexor pollicis longus and the pronator 
quadratus are elevated extraperiosteally and retracted for 
plate application on the volar surface of the radius, which 
is fiat and aids fracture realignment. Use of a long straight 
plate can decrease the natural bow of the radius, which can 
limit forearm rotation. Commercially available precon- 
toured plates can mitigate this. An alternative is to apply 
the plate radially that limits the need for muscle stripping 
and allows the surgeon to contour the plate to restore the 
radial bow. 

The original recommendation of Anderson et al 3 
to bone graft régions of comminution involving more 
than one-third of the diameter of the bone is no longer 


applicable. With the use of more modem 3.5-mm limited 
contact plates, indirect réduction techniques, and limited 
soft tissue élévation. We reviewed 41 patients with diaphy- 
seal fractures of both forearm bones who were treated with 
plating. 4 Five patients (12%) had a nonunion of 1 or both 
bones (12%). No single factor was associated with non- 
union. In particular, the use of bone graft was not associ¬ 
ated with a higher rate of union. 

Passive forearm rotation and DRU J stability are evalu- 
ated after provisional plate fixation (Fig. 35-7A). The image 
intensifier is used to assess the implant position, the PRUJ 
and DRU J, pronation and supination, and the fracture réduc¬ 
tion. Remember that an AP and latéral view of the radius can 
be obtained by simply rotating the forearm, whereas a cross- 
table view is required to obtain a latéral view of the ulna. 
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FIGURE 35-6 An anterior Henry approach (A-C) with an interner- 
vous plane following the radial after between the brachial radialis 
(radial nerve) and the flexor carpi radialis (médian nerve). 


It is our preference to fill most of the holes in the plate 
with screws rather than using minimal screw plate fixa¬ 
tion 5,6 (Fig. 35-7B). A splint is included in the postoperative 
dressing for comfort. It can immobilize the wrist, forearm, 
and elbow, or only the wrist for distal fractures or isolated 
fractures of the elbow. Active-assisted use and stretching of 
the arm can be initiated as soon as patients feel comfortable, 




FIGURE 35-7 Intraoperative x-rays showing provisional (A) and 
definitive (B) fixation of a diaphyseal both-bone forearm fracture. 


usually within a few days of surgery. Strengthening is insti- 
tuted at 2 months if there are signs of early bony union and 
full activities can be resumed after 4 months. The plates are 
not removed routinely. If there is a problem due to hard¬ 
ware irritation implant, we prefer to delay removal for 
18 months. 

DIAPHYSEAL RADIUS FRACTURES 
WITH AND WITHOUT DRUJ 
DISLOCATION 

A Galeazzi fracture-dislocation is defined as a fracture of the 
middle to distal one-third of the radial diaphysis with simul- 
taneous dislocation of the DRUJ. When there is a fracture of 
the base of the ulnar styloid, fixation of that fracture in addi¬ 
tion to the radius will restore DRUJ stability. In the absence 
of an ulnar styloid base fracture, the question is whether 
or not to cross-pin the ulna or repair the TFCC. This is 
only an issue when there is radial shortening of more than 
5 mm on radiographs made prior to fixation of the radius 
(Fig. 35-8A-C). Even then, it is not clear that any spécifie 
treatment of the DRUJ is needed. 7,8 

Early studies demonstrated uniformly poor results with 
nonoperative management. Mikic reported an 80% fail- 
ure rate with conservative management in 86 adults with 
Galeazzi fracture-dislocations due to both inability to con- 
trol progressive displacement of the radius fracture and 
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FIGURE 35-8 X-ray offorearm showing a Galeazzi fracture (A) open réduction and internai Fixation through an anterior Henry approach (B) with 
postoperative x-ray (C). 


récurrent subluxation or dislocation of the DRU J despite cast 
immobilization. 9 Open réduction and plate and s crew fixa¬ 
tion is now standard. 

Bony congruity between the ulnar head and sigmoid 
notch of the radius only contributes approximately 20% of 
total DRUJ stability. The TFCC isconsideredtheprimarysta- 
bilizer of the DRUJ, and the interosseous membrane (IOM) 
a secondary restraint. The IOM is organized into a central 
band (also called the interosseous ligament), 1 to 5 accessory 
bands, a dorsal proximal interosseous band, and an incon¬ 
stant distal band. In a biomechanical study Watanabe et al 10 
showed that it is a spécifie in jury to the distal portion of the 
IOM that results in the increased dorsal-volar instability 
at the DRUJ throughout a range of forearm rotation when 
the TFCC and distal radioulnar ligaments are incompetent. 
When the midportion of the IOM (including the central 
band) is sectioned together with the distal IOM, the DRUJ 
becomes unconstrained. 

Rettigand Raskin 11 found that 12 of22 patients with frac¬ 
tures occurring within 7.5 cm of the midarticular surface 
of the distal radius had persistent DRUJ instability folio w- 
ing ORIF of the radial shaft fracture treated with Kirschner- 
wire fixation of the ulna to the radius. Three of 12 patients 
also underwent a concomitant open repair of the triangular 
fibrocartilage complex as the DRUJ was irreducible. In con- 
trast, only 1 of 18 patients with a fracture of radial shaft more 
than 7.5 cm from the midarticular surface had percutaneous 
fixation of an unstable DRUJ. 

In a rétrospective review of 36 patients with radial shaft 
fractures treated with plate and screw fixation, Ring et al 


observed a similar, but not as strict, trend toward DRUJ 
stability with proximal and middle third fractures. In their 
sériés 5 out of 8 distal third fractures were associated with 
DRUJ instability, while only 4 out of 28 proximal/middle 
third radius fractures had DRUJ involvement. 7 

Surgical Technique 

The volar approach to the radial shaft fracture has been 
described above. A 3.5-mm AO dynamic compression plate 
or équivalent is used and locking plates are considered only 
if bone quality is poor. Interfragmentary compression with 
3.5-mm cortical lag screws is used for oblique fracture 
lines. 

After plate fixation of the radius, the DRUJ is then evalu- 
ated. We hâve found it unnecessary to treat the DRUJ if it is 
unstable, but some authors recommend forearm immobili¬ 
zation in supination or cross-pinning. 

On rare occasion, an open réduction of the DRUJ is nec- 
essary due to interposition of extensor retinaculum, DRUJ 
capsule, extensor carpi ulnaris, or a digital extensor tendon. 
A dorsal approach to the DRUJ is performed between the 
fifth and sixth extensor compartments protecting t he dorsal 
sensory branch of the ulnar nerve. The extensor retinacu¬ 
lum is elevated and an L-shaped capsulotomy is performed, 
although the ulnar head may be buttonholed through the 
dorsal capsule with dorsal DRUJ dislocations. The DRUJ is 
inspected for loose bodies and traumatic chondromalacia, 
and then debrided. If the deep fibers of the TFCC are avulsed 
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from the fovea, they can be reattached through drill holes or 
using suture anchors. 

Displaced ulnar styloid base fractures are repaired with a 
24- or 26-gauge stainless Steel figure-of-8 tension band con- 
struct with or without K-wires. Fixation of a large ulnar sty¬ 
loid fracture stabilizes the DRU J allowing mobilization of the 
forearm and wrist as comfort allows. 


MONTEGGIA FRACTURES 

The diagnosis of Monteggia fracture, which is a fracture of 
the ulna that is associated with a radial head dislocation, 
should be ruled out in every patient with an isolated ulnar 
shaft fracture, especially with proximal ulnar fractures. The 
PRUJ is disrupted if the axis of the radius fails to intersect 
the center of the sphere of the capitellum on ail views, but the 
ulnohumeral joint is aligned. 

Monteggia fractures with the radial head displaced either 
anteriorly or laterally usually reduce with anatomie réduc¬ 
tion and stabilization of the ulna with 3.5-mm dynamic 
compression plates or the équivalent. Persistent sublux¬ 
ation of the radial head is nearly always a resuit of persistent 
malalignment of the ulna and exploration of the radiocapi- 
tellar joint to address the annular ligament is rarely neces- 
sary (Fig. 35-9). Posterior radial head dislocation is usually 
part of the posterior Monteggia lésion or posterior olecranon 
fracture-dislocation and is best considered in the context of 
traumatic elbow instability. We recommend against tempo- 
rary fixation of the radiocapitellar joint. 

ESSEX-LOPRESTI FRACTURES 

An Essex-Lopresti lésion is a radial head fracture that is 
associated with a disruption of the interosseous ligament 
and TFCC resulting in longitudinal radioulnar dissociation. 
Some radioulnar dissociation injuries also in volve a diaphy- 
seal fracture of the radius and/or ulna. Key concepts to keep 
in mind when treating these fractures are (1) restoration of 
alignment through the anatomie réduction of ail fractures; 
(2) restoration of radiocapitellar alignment with repair or 
replacement of the fractured radial head; and (3) addressing 
the soft tissue in jury with direct tissue repair, immobiliza- 
tion, or pinning of the forearm. 

As the forearm is loaded axially in compression, the IOL 
is loaded in tension. Tears of the IOL appear to occur in 
the midsubstance of the tendon; however, there are some 
reports of injury to the ulnar insertion. Longitudinal 
stability can be assessed intraoperatively by applying an 
axial load to the radius resulting in a dynamic positive 
ulnar variance. 12 

There is debate regarding repair of the soft tissue injuries 
(including the IOL in addition to the TFCC) or immobiliza- 
tion with either a long arm cast or two 0.062-in Kirschner 
wires between the radius and the ulna with the forearm in 
mid-supination. 



FIGURE 35-9 X-rays of the forearm show a Monteggia fracture (A) 
treated with open réduction and plate fixation (B). If the réduction of 
the ulnar is near anatomie, the réduction of the radiocapitellar joint ( C) 
is usually stable. 


Complications 

Common adverse events include infection, compartment 
syndrome, malunion, nonunion, and refracture. Infection 
rates are around 3% in open fractures and lower in closed 
injuries. 13 

In general, the incisions used to reduce and plate forearm 
fractures are adéquate to release the forearm compartments, 
but unexpected postoperative pain out of proportion and 
pain with passive finger extension, particularly with progres¬ 
sive numbness, should lead to return to the operating room 
for a more extensive fasciotomy. 

If the patient has altered mental status or fails to offer a reli- 
able examination, intracompartmental pressure monitoring is 
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indicated. Cutoff pressure values for compartmental release 
in the forearm are controversial. Pressures above 30 mm Hg 
are considered elevated. Surgeons should strongly consider 
releasing when pressures are above 45 mm Hg or within 
30 mm Hg of the diastolic blood pressure. Fractures in the 
proximal one-third of the forearm where there is more muscle 
may hâve a higher propensity to develop compartment syn¬ 
dromes than distal fractures. 

Nonunion rates hâve been reported to be 5% when adé¬ 
quate technique is used in compliant patients. 13 Nonunions 
are related to the use of mechanically inadéquate plates, for 
example, semitubular plates, malreduction, and in jury sever- 
ity. 18,21 Nonunions are usually atrophie and can be satisfacto- 
rily managed with autogenous cancellous graft, restoration 
of mechanical alignment, and plate fixation (Fig. 35-10). For 
bony defects we hâve used cancellous autograft alone, 18,21 
while other authors advocate a structural corticocancellous 
graft. 17 

Plate removal after initial fracture healing was initially 
recommended by the AO/ASIF, but given that refractures 
both through the original fracture site and through screw 
holes as well as posterior interosseous nerve injury hâve 
been observed during removal, many surgeons remove a 
plate only if it causes irritation, which is rare. Factors associ- 
ated with refracture include initial comminution or lack of 
absolute stability, stress shielding with larger implants, for 
example, 4.5-mm plates, radiolucency under the implant, 


insufficient protection following plate removal, and implant 
removal less than 12 months after fixation. 


Outcomes 

Historically, Anderson et al reported >96% union rate with 
the use of iliac crest bone graft when needed in their sériés of 
137 fractures using compression plates. 3 Similarly, Chapman 
et al reported 98% union rates with 3.5-mm dynamic com¬ 
pression plates in 129 fractures. 13 Since these studies, alter¬ 
native strategies hâve been employed to enhance results 
without substantial improvement. Two randomized pro¬ 
spective trials comparing all-locked constructs, for example, 
the point contact fixator versus dynamic compression plat- 
ing and locked compression plating versus dynamic com¬ 
pression plating, failed to show any statistical benefit. 14,15 
A more recent body of literature has emerged embracing a 
more minimalistic concept of fixation leaving some screw 
holes empty to increase the working distance of the plate, but 
we still recommend filling ail of the holes when possible. 6,16 
There are rétrospective data that suggest good results from 
newer more rigid anatomie intramedullary devices, but these 
devices hâve not proved superior to dynamic compression 
plating that is still the reference standard. 

We reviewed 71 adult and pédiatrie patients at an aver¬ 
age of 21 years after diaphyseal fractures of both the radius 



FIGURE 35-10 X-rays of the forearm showing a nonunion of the radius (A) treated with autologous cancellous bone graft with interval healing 
3 months (B) and 6 months (C). 
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and the ulna. 17 Twenty-five of the 35 patients who were skel- 
etally immature at the time of injury were treated nonop- 
eratively, and 31 of the 36 skeletally mature patients were 
treated operatively. The average DASH score was 8 points 
(range, 0-54); 97% of patients had excellent or satisfactory 
results according to the criteria of Anderson et al, and 72% 
reported no pain. Both the forearm rotation and the wrist 
flexion/extension arc were 91% of the uninjured side; grip 
strength was 94%. There were small but significant différ¬ 
ences in rotation (151° vs 169°; P = .004) and wrist flexion- 
extension (123° vs 142°; P = .002) compared with the results 
in the uninjured arm. There was no différence in disability 
between patients who were skeletally mature and those who 
were skeletally immature at the time of in jury. Pain, pain 
catastrophizing (misinterpretation of nociception), and grip 
strength were the most important predictors of disability. 

With the current techniques of plate and screw fixation, 
diaphyseal nonunions of the radius and ulna are unusual. 18 
We reviewed the records of 35 patients with an atrophie 
ununited diaphyseal fracture of the forearm who were 
treated with 3.5-mm plate and screw fixation and autog- 
enous cancellous bone grafting. A segmentai osseous defect 
with an average size of 2.2 cm (range, 1-6 cm) was présent 
in each patient. The atrophie nonunion was associated with 
an open fracture in 20 patients, suboptimal fixation in 22, a 
fracture-dislocation of the forearm in 9, and infection in 11. 
AU fractures healed without additional intervention within 
6 months. Two patients had a subséquent Darrach resection 
of the distal part of the ulna for the treatment of arthrosis 
of the DRUJ. After an average duration of follow-up of 
43 months, the final arc of motion averaged 121° in the fore¬ 
arm, 131° at the elbow, and 137° at the wrist, with an average 
grip strength of 83% compared with that of the contralatéral 
limb. According to the System of Anderson and colleagues, 
5 patients had an excellent resuit, 18 had a satisfactory resuit, 

11 had an unsatisfactory resuit (because of elbow stiffness 
related to associated elbow injuries in 3 and because of wrist 
stiffness in 8), and 1 had a poor resuit (because of malunion). 

Forty-eight patients with Monteggia fractures were fol- 
lowed for an average of 6.5 years (range, 2-14 years). 19 
There were 25 women and 23 men, and the average âge was 
52 years (range, 18-88 years). According to the Bado clas¬ 
sification, there were 7 type I, 38 type II (26 with a frac- 
tured radial head, 10 with a fracture coronoid), 1 type III, 
and 2 type IV injuries. The ulna was fixed with a tension 
band wire construct supplemented with s crews in 3 patients 
(ail of whom had a Bado type II fracture). An ulnar diaphy¬ 
seal fracture was fixed with an intramedullary Steinmann 
pin in 1 patient. The remaining patients had fixation with a 
plate and screws. The fracture of the radial head was treated 
with either complété or partial excision of the fragments in 

12 patients (with replacement with a silicone prosthesis in 2), 
open réduction and internai fixation in 10 patients, and no 
intervention in 4 patients. Nine patients, a U of whom had a 
Bado type II fracture, needed a reoperation within 3 months 
after the initial operation; 5 had révision of a loose ulnar 
fixation device, 3 had resection of the radial head, and 1 had 


removal of a wire that had migrated from the radial head 
into the elbow articulation. Other important complications 
included proximal radioulnar synostosis in 3 patients, ulnar 
malunion in 3, postérolatéral rotatory instability of the ulno- 
humeral joint in 1, and instability oftheDRUJin 1. The aver¬ 
age score according to the System of Broberg and Morrey was 
86 points (range, 15-100 points). The resuit was excellent for 
18 patients, good for 22, fair for 2, and poor for 6. Six of the 
8 patients who had an unsatisfactory (fair or poor) resuit had 
had a Bado type II fracture with a concomitant fracture of 
the radial head. These unsatisfactory results were related to 
a malunited fracture of the coronoid process in 2 patients, a 
proximal radioulnar synostosis in 1, a malunited fracture of 
the coronoid process and a proximal radioulnar synostosis 
in 1, a malunion of the ulna in 1, and painfully restricted 
rotation of the forearm after operative fixation of a commi- 
nuted fracture of the radial head in 1. The other 2 unsatis¬ 
factory results were in a patient who had had a Bado type I 
fracture and in 1 who had had a Bado type IV fracture. 

Weevaluated 11 adult patients who had surgical treatment 
of an anterior (Bado type I) Monteggia fracture at a médian 
follow-up of 20 years (range, 7-34 years). 20 Two patients had 
subséquent surgery to address a nonunion and 3 elbows had 
radiographie signs of arthrosis. The mean arc of elbow flex¬ 
ion increased from 110° (range, 35°-140°) at early follow-up 
to 120° (range, 40°-150°) at late follow-up. The mean arc of 
forearm rotation increased from 145° (range, 90°-180°) to 
149° (range, 90°-180°). The mean Broberg and Morrey score 
increased from 89 points (range, 62-100 points) to 94 points 
(range, 76-100 points). The médian DASH score was 7 points 
(range, 0-34 points) at long-term follow-up. There was no 
statistical différence between early and late range of motion 
or Broberg and Morrey score. 

We examined 17 patients with persistent malalignment 
following surgical treatment of a posterior Monteggia frac¬ 
ture who were treated with realignment of the ulna and fixa¬ 
tion with a contoured dorsal plate. 21 Fifteen patients had loose 
fixation and 12 patients had subluxation or dislocation of the 
ulnohumeral joint. Sixteen patients had fracture of the radial 
head and 9 patients had fracture of the coronoid process. Nine 
patients had ancillary procedures on the radial head, 4 had 
ancillary procedures on the coronoid, 5 had hinged external 
fixation, and 1 had fascial arthroplasty. Seven patients had 
another surgery before the final évaluation related to a com¬ 
plication in 6 patients and a subséquent in jury in 1 patient. At 
the final évaluation at an average of 59 months the fracture 
was healed and the ulnohumeral joint was reduced concen- 
trically in ail 17 patients. The average arc of elbow flexion 
was 108° and the average arc of forearm rotation was 134°. 
The average American Shoulder and Elbow Surgeons Elbow 
Evaluation Score was 88. According to the System of Broberg 
and Morrey, the final resuit was rated excellent for 5 patients, 
good for 9, fair for 2, and poor for 1. One patient had fascial 
arthroplasty as part of the index procedure and 9 patients had 
radiographie signs of ulnohumeral arthrosis. 

Rettig and Raskin reported excellent results in 38/40 
patients following surgery. Two patients with a type I 
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fracture-dislocation had a poor resuit and subsequently 
required DRUJ reconstruction at an average of 9 months fol- 
lowing the initial in jury due to pain and limited supination. 
We evaluated 17 patients with an isolated diaphyseal frac¬ 
ture of the radius (7 with DRUJ disruption) at an average 
of 19 years after surgery (range, 13-33 years). 8 There were 
no significant différences between patients with and without 
DRUJ dislocation. No patient had greater laxity of the DRUJ 
than the opposite uninjured side. The average modified 
Mayo wrist score was 96 (range, 85-100), the average Mayo 
Elbow Performance Index was 95 (range, 80-100), and the 
average DASH score was 5 (range, 0-33). 
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Fractures of the Elbow 
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Shawn M. Kutnik, MD 



Fractures about the elbow remain challenging, having jus- 
tifiably earned monikers such as “terrible triad.” Relatively 
recent advances in understanding the pathoanatomy and a 
belated appréciation of the importance of concomitant soft 
tissue injuries hâve informed treatment and led to changes 
in management. 

BASIC PRINCIPLES OF ARTHROSCOPIC 
FRACTURE FIXATION 

Arthroscopy is, in essence, a surgical approach. As such, 
it should afford optimal exposure and visualization of the 
operative site with minimal collateral damage to adjacent 
tissues. If it does not achieve these goals, another approach 
should be selected. 

While elbow arthroscopy can be performed from the 
prone, latéral decubitus, or supine position, our preference 
is the supine position with use of an elbow positioner to 
access the anterior and posterior compartments (Fig. 36-1). 
This allows the arm tobe moved intraoperatively and affords 
easy conversion to an open procedure as well as use of the 
image intensifier. The timing of intervention is also impor¬ 
tant. If possible, a delay of about 2 days is bénéficiai to allow 
for some clôt formation on the fracture surfaces. Otherwise, 
higher inflow pressures (>30 mm Hg) are required to 
control bone bleeding and swelling results in decreased 
working time. 1 In the 25 to 30 mm Hg pressure range, pro- 
longed working times are possible with minimal swelling 
and, thus, conversion to an open procedure would not be 
problematic. 

The joint capsule is usually thin and pliant having been 
distended by the fracture hematoma. As such, entering the 
joint of an elbow with an intra-articular fracture is usu¬ 
ally quite easy. Specialized instruments such as cannulated 
screws, small Freer elevators with a hole drilled in the end, 
28-gauge stainless Steel wire for suture shuttling, and a modi- 
fied skin hook for holding fragments and passing sutures are 
helpful. 


DISTAL HUMERUS FRACTURES 

Distal humérus fractures hâve an incidence of 5.7 per 100,000 
people per year. 2 They account for some of the most chal¬ 
lenging injuries to manage, particularly when intra-articular 
and comminuted. The loss of elbow function that results 
from improperly treated fractures imparts a major functional 
impairment with an inability to reach the head and peroneal 
area. 3 Strict adhérence to the principles of open réduction 
and internai fixation using more advanced implant designs 
has greatly improved the results of operative intervention. 4 
Elbow arthroscopy holds further promise for decreasing soft 
tissue trauma required for exposure. 

Indications 

The rôle of nonoperative management of distal humérus 
fractures is quite limited as the historical “bag of bones” treat¬ 
ment resulted in a high incidence of poor outcomes. 5 The 
advent of modem implants and improved understanding of 
the methods of stable fixation make most fractures recon- 
structable. Nonoperative management is now reserved only 
for patients unable to tolerate anesthésia or with chronic, 
irréversible conditions that limited preinjury function and 
independence. 4 

The 90/90 method of plating, recommended by the 
AO/ASIF group, is still currently used by many surgeons. 6 
Certain fracture patterns may be amenable to 90/90 plat¬ 
ing, but when there is a comminuted, crushing in jury of the 
latéral column, the posterior latéral column plate only pro¬ 
vides for a limited number of unicortical screws soasnotto 
penetrate the articular surface. These posterior to anterior 
screws frequently achieve only marginal distal fixation of the 
articular fragments, particularly in ostéopénie patients. 7 The 
biomechanical and clinical evidence now supports a paral- 
lel plate construct for such challenging fractures. 7,8 However, 
recognize that the very distal, intra-articular fracture with 
comminution of the latéral column and trochlea may not be 
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FIGURE 36-1 The authors’ preferred patient positioning for elbow arthroscopy: supine with a McConnell arm positioner. A. Position for access to the 
posterior compartment. B. Position for anterior elbow access. 



réparable in the gériatrie patient and préparation for a total 
elbow arthroplasty (TEA) or hemiarthroplasty is advised. 

McKee et al cited failure of ORIF as a rationale for TEA. 9 
While there are some encouraging short-term results, the 
lifetime limitations on activities and difficult salvage of TEA 
failures merit caution and reserve. In addition, their conclu¬ 
sions may no longer be valid since the patients in the internai 
fixation group underwent 90/90 rather than parallel plating, 
which may hâve negatively impacted the outcomes. 

Given these risks and limitations we will make every 
effort to fix the fracture. Contoured plates are placed in a 
parallel fashion along the médial and latéral columns. This 
optimizes the distal fixation as well as the supracondylar 
stability provided that treatment protocols are foliowed as 
outlined below. 10 Bone loss is effectively managed with tri¬ 
cortical grafts to replace comminuted segments of the médial 
and latéral columns and augment stability. While 2 cm of 
shortening at the supracondylar level to increase bony con¬ 
tact is advocated by some, this may compromise motion 
because of impingement in the coronoid and olecranon fos- 
sae. Finally, recognizing that both open and arthroscopic 
contracture release are effective in restoring functional 
motion, bony union is now prioritized over motion. If the 
fixation is anything less than stable and rigid, longer peri- 
ods of immobilization to achieve union with a subséquent, 
staged contracture release is preferred to early motion and 
loss of fixation. 

Surgical Technique of Open Réduction 
Internai Fixation 

From the supine position the elbow is flexed over the patients 
chest and held in place with an elbow positioner (Fig. 36-2). 


A stérile tourniquet is applied to allow for proximal extension 
of the exposure as necessary. Well-described approaches to the 
distal humérus include the paratricipital, triceps-reflecting, 
triceps-reflecting anconeus pedicle, triceps-splitting, and 
olecranon osteotomy. Complété exposure and visualization 
of ail of the fracture fragments is a prerequisite for successful 
reconstruction and the choice of approach is ultimately at the 
surgeons discrétion. An olecranon osteotomy has been shown 
to provide maximal exposure of distal humérus intra-articular 
fractures 4 and facilitate achieving an anatomie réduction of 
the articular surface. Furthermore, a TEA can still be per- 
formed even if an olecranon osteotomy has been done. 

A straight posterior incision is made directly over the 
olecranon. Curving the incision around the olecranon is 
not recommended as the cutaneous blood supply of the skin 
directly over the olecranon is precarious. The dissection 
is carried out down to the level of the triceps fascia. Full- 
thickness skin flaps are elevated laterally to the level of the 
intermuscular septum and medially until the ulnar nerve is 
visualized. The ulnar nerve is carefully mobilized by releasing 
the arcade of Struthers, Osborne ligament, and the fibrous 
aponeurosis between the 2 heads of the flexor carpi ulnaris 
(FCU). While manyadvocate subeutaneous transposition at 
the end of the procedure, 4 our preference is to leave it in situ 
and avoid circumferential dissection unless absolutely neces¬ 
sary. There is no conclusive evidence on the best approach 
for managing the ulnar nerve and leaving it in situ simplifies 
révision surgery or contracture release should it be necessary. 
This is supported by a recent study by Wiggers et al of 17/107 
patients who developed an ulnar neuropathy following inter¬ 
nai fixation of a distal humérus fracture. 11 There was a higher 
incidence of ulnar neuropathy in columnar fractures, which 
they attributed to the additional handling of the ulnar nerve 
that occurred with the réduction of a columnar fracture and 
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FIGURE 36-2 ORIF of the distal humérus. A and B. AP and latéral radiographs of a comminuted, intra-articular distal humérus f racture. C. Full- 
thickness skin flaps elevated through aposterior incision. The ulnar nerve has been freedandmobilized to protect it through the remainder of the case. 
D. The olecranon osteotomy is reflected proximally exposing the underlying distal humérus. E. Exposure of the articular surface demonstrates the 
degree of comminution. F. The joint is carefully pieced together with every effort made to minimize stripping of any remaining periosteal attachments. 
G. Application ofprecontouredparallel plates to the médial and latéral columns of the distal humérus with strict adhérence to O’Driscoll’s principles 
will maximize the stability of the construct. H and I. Postoperative x-rays show réduction of the fracture and support of the articular surface. 
The osteotomy has been secured with a tension band construct. Arrow, ulnar nerve. 
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application of a médial plate rather than the nerve transposi¬ 
tion per se. 11 

With the nerve protected and olecranon exposed, prép¬ 
arations are made for an olecranon osteotomy. Our cur- 
rent practice is to use a 1-piece, low-profile fixation System 
(TriMed Olecranon Sied™), but acceptable options include 
tension band fixation, plating, or a cancellous lag screw as 
described in the section “Olecranon Fractures.” A Chevron 
osteotomy is made with use of an osteotome and finished by 
cracking the anterior cortex to create precisely interdigitat- 
ing surfaces without a saw blade or osteotome kerf to ensure 
an accurate réduction. The triceps and attached olecranon 
are elevated off the posterior aspect of the humérus at the 
médial and latéral intermuscular septae. Note that the radial 
nerve will be found 8 to 10 cm proximal to the latéral épicon¬ 
dyle as it passes around the posterior surface of the humérus 
and care should be taken to find and protect it if proximal 
exposure is required. 

Exposure of the distal humérus now allows for réduc¬ 
tion of the articular surface. Every effort should be made to 
minimize stripping of any remaining periosteal attachments 
by using a small dental pick, skin hook, or K-wires as joy¬ 
sticks to manipulate the fragments into a reduced position. 
The anterior aspect of the distal humérus is the most criti- 
cal for a functional joint and the médial trochlea is essential 
in maintaining articular stability. Reconstruction therefore 
best proceeds in a systematic fashion by first addressing the 
anterior trochlea and capitellum, then the médial trochlea, 
and finally the posterior fragments. 7 Bone defects in these 
régions may require prolonged immobilization to allow 
for complété bony fusion. Provisional stabilization of these 
pièces with wires is useful, but no screws are placed in the 
distal fragments prior to plate application. 

With the articular surface aligned and temporarily held in 
place, fixation of the major distal fragment (articular surface) 
to the shaft proceeds with precontoured plates applied to 
the médial and latéral columns running parallel along their 
respective supracondylar ridges. Plates of appropriate length 
should be selected to engage at least 8 cortices proximal to the 
fracture and provisionally held with K-wires. Reliable union 
of the distal fragment to the shaft is maximized by execut- 
ing 7 technical objectives that each contribute to the stability 
of the construct as outlined by O’Driscoll 10 : (1) every screw 
in the distal fragment should pass through a plate; (2) every 
screw in the distal fragment should be anchored in a frag¬ 
ment on the opposite side that is also fixed by a plate; (3) as 
many screws as possible should be placed in the distal frag¬ 
ments (minimum 4-5 screws); (4) every screw in the distal 
fragment should be as long as possible; (5) every screw in the 
distal fragment should engage as many articular fragments 
as possible; (6) screws in the distal fragment should lock 
together by interdigitation to create a fixed-angle structure; 
(7) plates should be applied with compression at the supra¬ 
condylar level (unless comminution of the column makes 
this impossible). 

Temporary wires are removed and the elbow is taken 
through the full range of passive motion under fluoroscopy. 


Stability of the construct now dictâtes whether early motion 
is possible or if prolonged casting is necessary. The olecra¬ 
non osteotomy is reduced and fixed with the chosen fixation 
method. The ulnar nerve is repositioned into the epicondylar 
groove and the overlying skin flaps are closed over a drain. 
The patient is placed in a long arm posterior splint to sup¬ 
port the fixation. 

Arthroscopic-assisted Fixation of 
Unicondylar Distal Humérus Fractures 

As discussed above, the major challenge in distal humérus 
fixation is adéquate visualization of the articular surface. In 
standard open techniques, a large exposure and arthrotomy 
is necessary to achieve what is readily visible through small 
arthroscopic portais. Paratricipital approachesaffordlimited 
visualization of the articular surface unless the capsule and 
collateral ligaments are released to allow for subluxation or 
dislocation of the elbow, which is undesirable. Arthroscopy 
allows direct assessment of the articular réduction in cases 
of simpler, unicondylar, intra-articular fractures (Fig. 36-3). 

With the joint surface under direct arthroscopic visualiza¬ 
tion from either the standard anteromedial or antérolatéral 
portai, a thick Steinmann pin (1/8 in) is used to manipulate 
the larger fragment with attached muscle origins into posi¬ 
tion. The fracture is temporarily fixed in place with a trans- 
condylar wire or a stout Steinmann pin. The réduction is 
confirmed arthroscopically and radiographically. A medial- 
or lateral-sided incision, as dictated by the fracture, is then 
made through the skin and subcutaneous tissue directly over 
the appropriate column without need for additional arthrot¬ 
omy or muscular dissection. For the médial column, this 
incision should précédé the initial pin placement in order 
to avoid iatrogénie injury to the ulnar nerve, which must 
be identified by opening the cubital tunnel. For the latéral 
column, care should be taken to avoid past pointing of pins 
through the médial trochlea that can injure the ulnar nerve. 
The precontoured plate is then applied over the stabilizing 
pin and provisionally fixed with an additional transcondy- 
lar screw through the plate. The initial pin can be removed 
and replaced with a screw through the plate to conform to 
O’DriscoH’s principles. Remaining screws are inserted in the 
same fashion as described above. 

Total Elbow Arthroplasty in the Acute Setting 

The increased use of semiconstrained total joint replacements 
for acute fractures of the distal humérus has been described. 9 
Although its proponents emphasize better functional scores 
in otherwise unsalvageable joints, these studies are short 
term. In our view, the strict weight-bearing demands com- 
bined with questionable longevity of the implants relegate 
this treatment to the very select group of elderly patients who 
are older than 65 years of âge with low physical demands. 11 
is our belief that adhérence to the above fixation principles, 
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liberal use of tricortical autograft to manage bone loss, and 
prolonged immobilization with a staged contracture release 
yield improved outcomes in even osteoporotic fractures. 3 

Réhabilitation 

Postoperative treatment needs to be individualized to the 
stability of the final construct. Early postoperative motion is 
used only with stable fixation; otherwise it is better to immo- 
bilize the elbow until the fracture has adequately healed 


and then proceed with an elbow release if necessary. Elbow 
motion without adéquate bony stability risks a loss of align- 
ment and prédisposés to a delayed or nonunion or avascular 
necrosis of the articular fragments. 

Complications 

One study reported a 35% complication rate including stiff- 
ness, malunion, nonunion, fixation failure, hétérotopie ossi¬ 
fication, and ulnar neuropathy. 9 




FIGURE 36-3 Arthroscopic fixation of the distal humérus. A and B. A comminuted médial condyle fracture as seen on x-ray. C. Arthroscopically, 
the trochlear articular fragment is seen. D and E. A limited médial approach is made to protect the ulnar nerve so that a heavy Steinmann pin can be 
inserted as a joystick to manipulate the fragment into a réduction. K-wires placed from latéral to médial temporarily stabilize the réduction while a 
transcondylar screw is inserted (in a lag fashion, if necessary) to achieve an anatomie réduction. 
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FIGURE 36-3 ( Continuéei) F and G. A médial plate is applied without disturbing the flexor-pronator origin. The intact latéral condyle allows an 
exemption from the usual “4-5” distal screw rule since the intact latéral column acts as a “plate,” thus achieving 4 distal screws that secure the articular 
surface to the shaft. H and I. Réduction of a latéral column fracture in volves similar steps from the latéral side. fx, fracture line; troch, médial trochlea. 


Postoperative ulnar nerve problems are one of the most 
common complications and there is conflicting evidence in 
the literature regarding the optimum treatment. While the 
nerve should routinely be identified and, if necessary, mobi- 
lized during exposure for its protection, some studies hâve 
suggested further benefit by transposing it anteriorly. 4 As our 
goal is to achieve bony union even at the expense of postop¬ 
erative stiffness, we p refer to leave the nerve in situ and close 
the underlying fascia to protect it from the hardware. This 
keeps it in a knownlocation so aplanned contracture release 
can be done with less concern for iatrogénie in jury 

The incidence of hétérotopie ossification without the use 
of routine prophyIaxis varies in the literature from 0% to 
21%. 4 We hâve found it rare enough that we do not routinely 
use prophylaxis. One prospective randomized trial com- 
paring postoperative prophylactic radiation with a control 
group in posttraumatic elbow fixation demonstrated a sig¬ 
nifiant and unexpectedly high nonunion rate in the radia¬ 
tion group leading to prématuré termination of the study. 12 
When it does occur, the standard treatment of hétérotopie 
ossification is excision of the hétérotopie bone after 3 months 


to restore elbow motion. In the absence of a progressive loss 
of elbow motion, erythema, and swelling that is suggestive of 
ongoing bone formation, earlier resection is possible. 

Modem fixation techniques hâve improved the results 
of treatment, but 20% to 25% of patients still may go on to 
a nonunion or malunion. This usually can be successfully 
addressed with a révision of the internai fixation with the 
use of bone graft and prolongedimmobilization, which often 
requires a contracture release at a second stage. The plates 
and screws are not removed during this procedure unless 
they specifically impede motion so as not to weaken the bone 
and prédisposé to stress refracture. A TE A may be used for 
salvage, but the failure rate is substantial. 

RADIAL HEAD FRACTURES 

Fractures of the radial head represent the most common 
fracture about the elbow. 13 The majority of fractures that are 
treated nonoperatively heal without a functional déficit. 14 
Those fractures that require surgery are treated with internai 
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fixation, radial head replacement, or resection depending on 
the fracture pattern and associated injuries. 

The routine workup of radial head fractures includes 
a careful assessment of the areas of tenderness or swelling 
since at least 50% of these fractures hâve associated inju¬ 
ries. 15 Spécifie attention should be directed to pain about the 
forearm or wrist that may be indicative of an Essex-Lopresti 
lésion. Epicondylar tenderness is potentially indicative of a 
ligamentous disruption. Stress testing of the collateral liga¬ 
ments without anesthésia is notoriously difficult and unrdi¬ 
able. The elbow motion should b e assessed for any mechanical 
block that could be suggestive of fragment impingement. If 
pain is a limiting factor, it is helpful to aspirate the fracture 
hematoma and inject local anesthetic into the joint through 
the soft spot on the latéral aspect of the elbow between the 
radial head and the latéral upper condyle. Standard x-rays 
include an AP, oblique, and latéral with the elbow extended. 
If there is a highly comminuted radial head fracture or if 
there is a suspicion of other bony in jury, a CT scan of t he 
elbow in extension is invaluable in surgical planning and may 
demonstrate postérolatéral or posteromedial instability. 

Classification 

The Mason classification is the most common one in use 
today. It was modified by Hotchkiss to quantify the extent of 
head and neck involvement. 16 Type I fractures hâve less than 
2 mm of displacement of the head or neck with no mechanical 
limitation to forearm rotation (pronation/supination). Type II 
fractures demonstrate displacement of more than 2 mm with¬ 
out severe comminution and may be excised or internally 
fixed assuming adéquate bone quality. Type III fractures are 
severely comminuted and may not be reconstructable, requir- 
ing excision or replacement to restore elbow motion. 

Indications 

Type I fractures are best treated nonoperatively and empha- 
size early motion to prevent stiffness with protected weight 
bearing until healing is évident. Type II fractures are best 
treated with internai fixation in the form of screws, plates, 
or bioabsorbable pins and type III fractures are treated with 
either resection or a radial head arthroplasty. 

Functionally, the radial head acts as a secondary stabi- 
lizer to valgus restraint in the normal elbow. 17 It maintains 
the congruity of the radiocapitellar joint and contributes to 
varus stability by tensioning the latéral collateral ligament 
(LCL) complex. In the ligament déficit elbow its rôle as a 
stabilizer becomes critical and precludes excision. Likewise, 
the presence of an in jury to the interosseous membrane or 
DRUJ (Essex-Lopresti) requires fixation or replacement of 
the head to restore appropriate length to the latéral forearm 
and prevent proximal migration of the radius. This migra¬ 
tion dramatically alters the biomechanics of the wrist and 
few reliable alternatives exist once it has occurred. 16 


The decision of replacement or fixation is then dictated 
by the fracture pattern. Ail efforts should be made to main- 
tain the native radial head if possible but not at the expense 
of tenuous fixation. Ring et al showed markedly decreased 
functional results with internai fixation when more than 
3 articular fragments are présent and therefore recommend 
an arthroplasty. 18 

Surgical Technique of Open Réduction 
and Internai Fixation 

The patient is positioned supine over an arm board with 
a tourniquet. The arm is kept in the pronated position 
throughout to minimize risk of in jury to the posterior inter¬ 
osseous nerve (PIN). In the setting of an injury to the LCL 
that is combined with a radial head fracture, one can use 
the postérolatéral Kocher approach between the anconeus 
and the extensor carpi ulnaris (ECU) to expose the radial 
head and repair the LCL through the same incision. Our 
preferred approach for these fractures is through a standard 
Kaplan approach to facilitate the anterior exposure needed 
for an ORIF while decreasing the risk of iatrogénie in jury. 
A straight latéral incision is made directly over the latéral 
épicondyle and extended distally along the radiocapitellar 
joint. Keeping this approach anterior to the anconeus avoids 
the LCL complex arisingfrom the posterior aspect of the lat¬ 
éral épicondyle. The fibers of the extensor digitorum com- 
munis are split in line with the skin incision, exposing the 
underlying capsule that is then sharply incised directly over 
the radiocapitellar joint. The exposure can be extended by 
elevating the capsule directly off the humérus while staying 
anterior to the LCL. Distally, the dissection continues over 
the radial head, but it should not extend to the neck to avoid 
in jury to the PIN. If exposure of the neck is needed due to the 
fracture pattern or the need for a plate, the obliquely oriented 
fibers of the supinator muscle should be identified. This 
muscle is elevated off the proximal radius starting at its most 
posterior aspect. 16 If further exposure is required, the PIN 
should be identified to ensure it is not inadvertently injured 
by retractors or hardware placement. 

With the fractured head exposed, the wound is irrigated 
and the hematoma evacuated. An assessment of the in jury is 
done after rotating the forearm into full pronation and supina¬ 
tion. If a small fragment is identified that is impeding motion, 
it can be excised, but ORIF is preferred. 19 Displaced fragments 
are reduced with direct manipulation or with a dental pick. 
Small K-wires may be used as joysticks to manipulate larger 
fragments into position. A priority is given to reconstruc¬ 
tion of the articular surface with temporary stabilization with 
K-wires, followed by definitive fixation with mini-fragment 
screws (1.5 or 2.0 mm), headless miniscrews, minicondylar 
plates (2.0 or 2.4 mm), and bioabsorbable pins depending on 
the fracture pattern (Fig. 36-4). The radial head fragments may 
be excised and reconstructed on the back table prior to replac- 
ing them and fixing them to the shaft. AU hardware should be 
placed in the “safe zone” that consists of a 100° arc in which 
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FIGURE 36-4 Methods of radial head fixation. A and B. AP and latéral x-rays demonstrating a type II radial head fracture amenable to ORIF. C and 
D. Screw fixation of the fracture in the “safe zone.” A bioabsorbable pin has been inserted through a posterior percutaneous incision in o rder to secure 
the radial head to the shaft. E. Buttress plating to secure the radial head to the shaft. F. Insertion of bioabsorbable pins. Arrow, percutaneous drilling 
for bioabsorbable pin insertion. 
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any hardware will not impinge on the proximal radioulnar 
articulation through full supination and pronation. This zone 
is the angle defined between the palpable landmarks of the 
radial styloid and Lister’s tubercle. 20 Screws may be counter- 
sunk below the chondral surface. The elbow is taken through 
full motion to assess for hardware impingement. The muscu- 
lar intervals are closed with absorbable sutures. A tear of the 
LCL should be reattached at this point with bone anchors to 
restore latéral stability. 

Hardware irritation remains a concern if the fixation 
extends to the neck. 21 Some available methods are at least 2 
obliquely oriented, countersunk screws, bioabsorbable pins, 
or K-wires in opposing planes to increase the rigidity of the 
fixation. 21 This avoids the need for increased exposure and 
the necessary soft tissue stripping required for plate place¬ 
ment. If head-neck fixation is necessary, our preference is 
bioabsorbable pins placed intramedullarly down the shaft. 
Concerns regarding seroma formation and synovitis hâve 
not been borne out in our expérience. 

Arthroscopic-assisted réduction and fixation of radial 
head fractures has been reported, but we prefer a small latéral 


or antérolatéral approach due to the limited arthroscopic 
visualization of the radial head fragments. 22 

Surgical Technique of Radial Head 
Arthroplasty 

Various implants hâve been used to replace the native radial 
head including monopolar, bipolar, cemented, and press fit 
varieties. None has been conclusively shown to be supe- 
rior. However, much attention has been directed at poor 
outcomes with silastic implants in regards to mechanical 
failure, inflammatory arthritis, and reactive synovitis. 23 We 
however hâve reported good long-term results with silastic 
implants, but they are not suitable in an unstable elbow or 
Essex-Lopresti injury. 24 There has been a trend toward the 
use of métal prostheses, but potential complications include 
loosening, 25 capitellar érosion, and osteopenia. 26 

The procedure is performed with the patient in the supine 
position but with the arm kept in pronation during the pro¬ 
cedure to minimize risk of in jury to the PIN (Fig. 36-5). If the 




FIGURE 36-5 Radial head arthroplasty. A and B. Radiographs of a type III 
radial head fracture with marked displacement and comminution necessi- 
tating arthroplasty. C. Radial head replacement with a metallic implant 
These x-rays demonstrate overstuffmg of the radiocapitellar joint that leads 
to prématuré wear and early failure of the implant. 
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latéral ulnar collateral ligament (LUCL) is torn, the Kocher 
approach provides excellent exposure of the entire head. 
With an intact ligament, staying anterior with splitting of the 
EDC will avoid inadvertent in jury and iatrogénie instability. 
The capsule is incised over the radiocapitellar joint, but not 
infrequently there is a traumatic rent that can be enlarged to 
complété the exposure. 

An osteotome or sagittal saw is used at the head-neck 
junction to remove any remaining attached bone. Every 
effort should be made to retrieve ail of the radial head frag¬ 
ments for reconstruction on the back table to aid in the siz- 
ing of the implant. A common error is to overstuff the joint 
especially in the face of a LUCL injury. For this reason, it is 
recommended that the final diameter and thickness of the 
implant be slightly undersized in comparison to the patient’s 
native head. 27 Two methods are available for reliably deter- 
mining the correct thickness of the radial head implant 
intraoperatively. In the van Riet method, the implant should 
rest flush with the proximal edge of the lesser sigmoid notch 
when viewed from a latéral perspective. If it is too thick, 
the implant will sit proud and extend beyond this point. 
Alternatively, any gapping of the latéral ulnohumeral joint 
when viewed from an extended latéral approach or with use 
of an angled dental mirror is indicative of overstuffing. 27 

Planars are available if desired to préparé the neck and 
optimize the seating of the implant. The cancellous bone 
of the radial neck is removed with increasing size reamers 
until some cortical chatter is appreciated. As with implant 
sizing, it is préférable to choose a stem that is 1 size smaller 
than the final reamer. After insertion of a trial implant, the 
radial head prosthesis is inserted. If difficulty is encountered 
in obtaining the necessary angle for implant insertion, par- 
ticularly in the ligamentously stable elbow, it is helpful to pull 
the radial neck into view with a posteriorly placed retractor. 
In unusual circumstances, it may be necessary to perform a 
partial LUCL takedown from its origin off the latéral épicon¬ 
dyle. Fluoroscopy is used to confirm a concentric réduction, 
but bear in mind that it is difficult to evaluate correct implant 
sizing intraoperatively. Joint stability should be restored by 
ligament repair or reconstruction, not by overstuffing the 
radiocapitellar joint. Closure is done in layers with reapprox¬ 
imation of the capsule and muscular interval. 

Réhabilitation 

Postoperatively, patients are splintedfor 3 to 5 days. They are 
then started on supervised and self-administered overhead 
ROM exercises while avoiding valgus stress. Strengthening 
begins at 10 weeks. 

Complications 

Regardless of treatment, the most common complication is 
postoperative elbow stiffness. Other complications include 
hardware irritation, nonunion or malunion, arthritis, and 


osteonecrosis. 13 Prominent hardware may be removed if nec¬ 
essary after 4 to 6 months. Nonunion is best addressed with 
a delayed excision of the radial head as repeat attempts at 
fixation are off en unsuccessful. 28 

CAPITELLAR FRACTURES 

Coronal plane fractures of the distal humérus involving the 
capitellum and trochlea represent less than 1% of humérus 
fractures. 29 Recent studies hâve shown that routine radio¬ 
graphie studies often underestimate their complexity. 
Frequently the latéral aspect of the trochlea and latéral col- 
umn are involved in addition to a high incidence of other 
associated injuries. 30 Therefore, treatment requires visualiza- 
tion of the anterior articular surface as well as the posterior 
cortex of the latéral column that may hâve suffered fracture 
or plastic deformation. 

Classification 

The Bryan and Morrey classification is based on AP, latéral, 
and oblique x-ray views. Type I (Hans-Steinhal) is a capitellar 
shear fracture. Type II (Kocher-Lorenz) is an osteochondral 
flake. Type III is a comminuted fracture of the capitellum. 
The McKee modification adds a type IV capitellar fracture 
indicating extension to the trochlea. 31 While this classifica¬ 
tion System is useful as a descriptor, it does not lend itself 
well to treatment recommendations. Therefore, Dubberley et 
al proposed a classification scheme based on a rétrospective 
review designed to direct treatment options. 32 In their Sys¬ 
tem, a type 1 fracture primarily in volves the capitellum with 
or without the latéral trochlear ridge (Bryan-Morrey type I 
équivalent). Type 2 fractures extend to the trochlear groove 
but remain as 1 fragment (similar to the McKee type IV). 
And type 3 fractures represent separate trochlear and capi¬ 
tellar fragments. These types were then subdivided to dénoté 
absence (A) or presence (B) of posterior comminution. 

Indications 

The resuit of nonoperative management of capitellar frac¬ 
tures is unpredictable with a high incidence of posttraumatic 
arthritis, contractures, and instability. 31 The current standard 
is therefore operative fixation and stabilization. 33 While plain 
radiographs may show large, displaced fragments, a CT scan 
is recommended due to the high incidence of extension to 
the latéral trochlea and posterior column with associated 
comminution that may be underappreciated on the standard 
views. 34 This will help the surgeon détermine the full extent 
of necessary exposure to adequately stabilize ail injured 
areas. Associated elbow instability should be carefully inves- 
tigated as well. 

With the rare exception of completely nondisplaced sta¬ 
ble fractures, capitellar fractures should be fixed operatively. 
The literature has included descriptions of fixation with 
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screws, plates, tension band wiring, and suture stabilization. 
Arthroscopic fixation of capitellar fractures has also been 
described. 2 Regardless of the method chosen, the goal is to 
achieve stable fixation while avoiding the main blood supply 
to the capitellar fragments that cornes from perforating ves- 
sels that pass through the posterior aspect of the condyles. 

Surgical Technique for Open Réduction 
Internai Fixation 

Appropriate positioning of the patient is based on the 
intended surgical approach (Fig. 36-6). In the case of capi¬ 
tellar fractures, preoperative imaging détermines to what 
extent exposure of the articular surface will be necessary 
for adéquate visualization and fixation. In fractures that do 
not extend to the trochlear groove (Dubberley type 1), the 
exposure is through an extensile latéral approach centered 
proximally over the latéral épicondyle and distally over the 


radiocapitellar joint. 33 The wrist extensors and anterior cap¬ 
sule are elevated off the latéral supracondylar ridge. The 
forearm is kept in pronation to protect the radial nerve and 
retractors are placed deep to the brachialis. Posterior expo¬ 
sure of the latéral column is facilitated b y élévation of the 
latéral triceps from the posterior distal humérus and proxi¬ 
mal ulna. Further visualization may be obtained by release 
of the LUCL, but this should be avoided if at ali possible. If 
not, the ligament should be released from the origin at the 
latéral épicondyle and then reattached rather than sectioned 
midsubstance. If the expectation for full articular exposure 
is anticipated (Dubberley type 2 or 3), our preference is an 
olecranon osteotomy to preserve the LCL and completely 
visualize the involved surfaces. 

With complété exposure, réduction of the articular frag¬ 
ments is best done with a dental pick, small bone tenacu- 
lum, or a large skin hook. Care should be taken to avoid 
stripping the remaining periosteum to minimize the risk of 
AVN. In instances of plastic deformation, bone graft should 




FIGURE 36-6 Capitellum ORIF. A. Latéral x-ray and (B) 3D recon CT of a Dubberley type 2 capitellar fracture. C. Intraoperatively, 2 screws are 
placed in a divergent fashion from posterior to anterior. D and E. Placement of a third, transcondylar screw increases the strength of the fixation. 
Arrows, posterior to anterior screws. 
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be prepared to fill the void once the fragments are disim- 
pacted. Small K-wires may be used for provisional fixation 
but should be placed away from the planned definitive fixa¬ 
tion. The goal is stable, anatomie restoration of the joint sur¬ 
face. Screws can be placed anterior to posterior or posterior 
to anterior depending on the size of the fragment. Small 
capitellar fragments are preferably stabilized with headless 
compression screws placed in an anterior to posterior direc¬ 
tion and buried beneath the subchondral surface. These 
hâve been shown in biomechanical studies to hâve superior 
fixation over posteroanterior cancellous screws. 35 Anterior 
placement also avoids further disruption of the main blood 
supply to the capitellar fragments from the posterior con- 
dylar vessels. Typically 2 screws are placed in a divergent 
fashion to avoid rotational malalignment, but supplémentai 
fixation in the form of additional screws, threaded K-wires, 
bioabsorbable pins, or latéral column plates may be r equired 
depending on the extent of in jury. 33 Osteochondral “flakes” 


cannot be adequately fixed with screws. Therefore, suture 
fixation is recommended. 

Arthroscopic Screw Fixation 
of the Capitellum 

The patient is positioned for an anterior approach to the 
elbow (Fig. 36-7). The proximal anteromedial portai is 
established and fracture hematoma is evacuated. Elbow 
extension will typically reduce the fracture, but it tends to 
redisplace with flexion as the radial head cornes in contact 
with the fragment. In this case, a trocar placed through the 
proximal antérolatéral portai will provide stabilization of the 
fragment as the elbow is flexed to help the radial head “ride 
over” the capitellum. A trocar placed through the proximal 
antérolatéral portai can then reduce the fragment allowing 
the radiocapitellar joint to function as a shoehorn preventing 



FIGURE 36-7 Arthroscopic fixation of a type 2 capitellar fracture. A. A “high” proximal antérolatéral portai is marked out under radiologie guidance 
and created proximal to the fracture. B and C. Extension frequently will reduce the fracture, but in this case a complété réduction does not occur. 
Therefore, the trocar is used to push the fragment into an anatomie réduction. D. This is confirmed with the arthroscopic view from the antérolatéral 
portai. 
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FIGURE 36-7 ( Continued ) E. Fixation is achieved with cannulated screws, again using the arthroscope to confirm optimal placement and length. 
F. Note the use of a transcondylar screw to reinforce the Fixation, permitting early use and therapy; cap, capitellum; fx, fracture line; olec, olecranon; 
RH, radial head. 


redisplacement by the radial head with the elbow in more 
than 90° of flexion. The réduction is confirmed by fluoros- 
copy with the above steps repeated as necessary to align the 
shear fragment appropriately. Alternatively, the trocar may 
be placed through an anteromedial or accessory antérolatéral 
portai to obtain a réduction. 

Given the high incidence of posterior comminution and 
plastic deformation, the réduction should be assessed poste- 
riorly. The transtriceps or distal postérolatéral portai allows 
access to the posterior aspect of the latéral column by pass- 
ing down the latéral gutter. It may be necessary to use a “soft 
spot” posterior radiocapitellar portai for a 3.5-mm shaver to 
remove débris in this area and improve visualization. 

Once an accurate réduction is confirmed, small posterior 
incisions are made to insert guidewires for at least 2 cannu¬ 
lated screws. Under direct visualization of the articular surf ace 
from an anterior portai or from the latéral gutter, the trajec- 
tory of the guidewires is confirmed by advancing them until 
they are visible just beneath the cartilage to calculate screw 
length. A cannulated 3.5-mm screw 2 to 4 mm shorter than 
the measured length is selected. This ensures that the longest 
possible screw is being used to avoid undersizing. If anterior 
to posterior placement is desired, the guidewires are further 
advanced until they can be extracted through a more distal 
“soft spot” portai and screws are inserted from this trajectory. 
If the fracture pattern allows, a transcondylar screw placed 
from latéral to médial will substantially increase t he strength 
of the fixation. Care should be taken to assess the réduction of 
the trochlear ridge if the fracture extends medially. 

Arthroscopic Suture Fixation 
of Capitellar Fragments 

The above techniques are appropriate for fragments large 
enough for screw fixation. Small fragments and osteochon- 
dral flakes présent a challenge due to the inadéquate purchase 


with standard screws. To address this we use a novel tech¬ 
nique of suture fixation of these fragments. Its utility is best 
served in Kocher-Lorenz fragments, but the indications may 
be expanded to include fixation of osteochondritis dissecans 
(OCD) lésions in the pédiatrie population. 

A standard arthroscopic setup for access to the posterior 
compartment is performed (Fig. 36-8). The arthroscope is 
placed in the distal postérolatéral portai and moved to the 
latéral gutter. It is carefully advanced over the top of the dis¬ 
tal humérus just latéral to the olecranon to reach the poste¬ 
rior radiocapitellar joint. From this view a 3.5-mm shaver is 
inserted through the “soft spot” portai to débridé the area 
and improve the visualization. A probe is inserted to check 
for instability of the fragment and outline its dimensions. 
A second accessory portai is established just distal to the 
soft spot with insertion of a guidewire into the joint. This is 
placed in the center of the lésion and aimed to exit out the 
posterior latéral column of the distal humérus. Fluoroscopy 
will confirm the trajectory. The guidewire is advanced 
through the bone and out the skin posteriorly. A longitudinal 
incision directly over this guidewire down to the bone of the 
posterior latéral column will assist with the remainder of the 
case. If the fragment is too proximal to place the guidewire 
from anterior to posterior in the capitellum, the wire may 
be inserted from the posterior aspect of the latéral column 
while observing the fragment with the arthroscope to assure 
it is centered intra-articularly. 

An arthroscopic grasper is inserted through the soft 
spot portai to grab the end of the wire in the joint. This is 
used to stabilize and compress the fragment during drill- 
ing and to prevent the wire from advancing. A tunnel is 
drilled through the humérus to just under the subehon- 
dral bone using a cannulated drill, sequentially increasing 
the size from 2.5 to 3.0-3.5 mm in diameter. The wire is 
removed and an 18-gauge spinal needle inserted through 
the tunnel until it is visualized in the joint space. A 0-PDS 
suture is passed through the needle and retrieved out the 
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FIGURE 36-8 Arthroscopic suture Fixation of a capitellar fracture. A and B. AP x-ray and MRI demonstrate a large osteochondral fragment. 

C. Viewing from the posterior radiocapitellar portai, a guidewire is advanced through the center of the fragment until it is just visible inside the joint. 

D. Its trajectory is confirmed f luoroscopically. E. An arthroscopic grasper secures the guidewire and underlying fragment as the tunnel is reamed from 
posterior to anterior. F. A spinal needle is passed into the joint and used to shuttle 0-PDS Fixation sutures out an accessory portai. 


soft spot portai with an arthroscopic grasper. This process is 
repeated as necessary depending on the number of désired 
fixation sutures. Then, from the same postérolatéral inci¬ 
sion, another guidewire is drilled through the humérus and 
aimed to exit just médial to the defect. The spinal needle is 


used to pass a 3-0 Prolene suture into the joint and is again 
retrieved. This is used to shuttle one of the original PDS 
sutures to the postérolatéral column incision (adjacent to 
where the PDS sutures enter the bone). Additional fixation 
points are possible around the defect in a similar manner, 
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FIGURE 36-8 ( Continued ) G. A second point of fixation is made médial to the defect with (H) a Prolene suture used to shuttle the fixation suture out 
posteriorly. I. Multiple fixation points are chosen to adequately secure the fragment. J. Drilling of the tunnel to just under the subchondral bone allows 
insertion of the cannula. K. Bone graft is packed into the defect to support the Fixation and sutures are tied using arthroscopic sliding knots posteriorly. 
L. Final dry views demonstrate fixation of the fragment. 


taking care to stay deep to the LUCL and proximal to the 
fragment itself. 

In the case of an OCD lésion, a cannula is inserted through 
the posterior tunnel to just under the fragment. Autologous 
bone graft harvested from the iliac crest is packed through 


this cannula to support the fragment and promote healing. 
As the process continues the cannula is slowly removed in 
order to fill as much of the tunnel as possible. Grafting is 
not necessary for an acute type II (Kocher-Lorenz) capitel- 
lar fragment. Finally, each fixation suture is tied individually 







480 


Section VI Elbow 


using an arthroscopic sliding knot along the posterior aspect 
of the humérus. Final views of the joint should demonstrate 
stable fixation of the fragment. For OCD cases, this exami¬ 
nation is performed dry so as not to wash out the impacted 
graft. Due to the difficulty of achieving rigid, stable fixation 
with these fragments, healing is prioritized over motion and 
the elbow is immobilized until evidence of healing is seen on 
MRI, usually at 3 months. 

Réhabilitation 

If stable fixation is achieved, early motion is instituted. If any 
question about stability exists or if significant comminution 
is présent, the elbow should be immobilized to prioritize 
healing over motion. 

Complications 

The most commonly described complications from this 
fracture are AVN, degenerative arthritis, and hétérotopie 
ossification. Not surprisingly, these occur more commonly 
in more extensive injuries with greater comminution. 32 
Minimizing dissection and achieving an anatomie réduc¬ 
tion limit the incidence of these serious complications. The 
development of hétérotopie ossification in capitellum frac¬ 
tures is relatively unusual and routine prophylaxis is not 
indicated. 


OLECRANON FRACTURES 

Fractures of the proximal ulna and olecranon account for 
10% of fractures about the elbow. 36 The pattern of in jury 
spans from simple transverse fractures to complex, commi- 
nuted fractures and those associated with elbow instability. 
Depending on the type of fracture, success has been reported 
with nonoperative management, fragment excision with tri¬ 
ceps advancement, and internai fixation with tension band, 
intramedullary fixation, or plates. 36 The prognosis dépends 
on the severity of the in jury and associated soft tissue trauma. 

Classification 

The Mayo classification of olecranon fractures categorizes 
them based on displacement, stability, and comminution. 
Mayo type I fractures are minimally displaced and stable with 
less than 2 mm of displacement and no change in position 
with increasing elbow flexion to 90°. These are often treated 
nonoperatively whether A (noncomminuted) or B (commi- 
nuted). Type II fractures maintain elbow stability through 
intact collateral ligaments but are otherwise displaced and 
are best treated operatively. Type III fractures are classified in 
the setting of associated elbow instability and multiple stud- 
ies hâve documented a poorer outcome with ail methods of 
fixation in this type. 37 


Indications 

The current standard is to f ix displaced fractures of the olec¬ 
ranon operatively. Conversion of the distraction force of 
the triceps across the fracture site with tension band fixa¬ 
tion is appropriate for displaced, transverse fracture pat¬ 
terns. Comminuted and oblique fractures are better served 
with plate fixation as tension bands will lead to further dis¬ 
placement or shortening of the olecranon articular surface 
and incongruity with the distal humérus. Limited contact- 
dynamic compression (LC-DC) plates provide excellent fixa¬ 
tion strength, but precontoured plates hâve seen increasing 
popularity due to ease of placement and an increased num- 
ber of fixation points in the proximal fragment. It is very 
important to examine the elbow under anesthésia to be cer¬ 
tain that there is no instability, as tension band fixation is not 
adéquate for a Monteggia-type fracture. 

Surgical Technique for Tension Band Fixation 

The exposure is achieved through a posterior, extensile lon¬ 
gitudinal incision directly over the ulna (Fig. 36-9). Full- 
thickness flaps are elevated medially and laterally directly 
off the bone to expose the fracture site. Réduction is readily 
achieved with direct manipulation of the fracture fragments 
and may be temporarily held with the bone tenaculum or 
K-wires. A characteristic “bare area” devoid of articular car¬ 
tilage is présent at the junction of the anterior third to poste¬ 
rior two-thirds of the articulation and must be recognized and 
restored to avoid narrowing the trochlear fossa and obtain- 
ing an incongruous radius of curvature. 38 Fluoroscopie views 
should demonstrate a concentric réduction of the ulnohu- 
meral joint. Two-millimeter K-wires hâve been described for 
tension band fixation, but our preference is to use larger intra¬ 
medullary 3-mm Steinmann pins since smaller wires are sub- 
ject to bending loads with flexion and extension of the elbow. 3 
The pins are inserted through the olecranon tip under fluoro¬ 
scopie control to engage the anterior cortex. Penetrating the 
anterior cortex increases the pullout strength, but care must be 
taken to avoid overpenetration and in jury of the anterior inter- 
osseous nerve (AIN) or impingement on the proximal radius 
that would impair forearm rotation. 39 Pins with a threaded tip 
also prevent backing out. The pins are backed out slightly after 
penetrating the far cortex, bent or eut, and impacted against 
the bone. A drill hole is then made through the ulna distally 
at a point équidistant from the olecranon tip to the fracture. 
An 18-gauge wire is passed through this hole and around the 
pins in a figure-of-8 fashion deep to the triceps muscle and 
tendon. The loops should be tightened with knots on both the 
radial and ulnar sides of the bone as this construct is more sta¬ 
ble than a single knot. 40 Hardware irritation is a concern that 
often requires hardware removal foliowing fracture healing. 38 

Surgical Technique for Intramedullary Fixation 

Simple fixation with a single 6.5-mm cannulated cancellous 
screw with a washer passed intramedullary down the ulna 


Chapter 36 Fractures of the Elbow 


481 



FIGURE 36-9 A. Proximal ulnar fracture amenable to (B) tension band fixation. C and D. Use of the Trimed Olecranon Sied™ to fix a transverse 
fracture of the proximal ulna. 


over a guidewire has been described. 36 While this is con- 
ceptually easy to do through a small percutaneous incision 
posteriorly along the olecranon border, its application is lim- 
ited. The biomechanical strength is less than other described 
techniques and inadéquate for comminuted, oblique, or 
osteoporotic fractures. Its use is reserved for transverse frac¬ 
tures in bone of adéquate density. The Trimed Olecranon 
Sied™ is a combination of tension band and intramedullary 
fixation and may also be used for simpler, noncomminuted 
fractures. Other intramedullary devices, such as the multi- 
screw OlecraNail™ (Mylad Orthopédie Solutions), are also 
available. 

Surgical Technique for Plate Fixation 

Plating affords the highest biomechanical strength of ail 
the constructs. 41 LC-DC plates provide excellent fixation of 
ail types of ulnar fractures and may be used for any Mayo 


classification, although they are certainly advised for more 
distal fractures and Monteggia variants. The disadvantage of 
simpler plate Systems is the limited number of screws in the 
proximal fragment. The construct may be strengthened by 
applying the plate along the latéral, rather than the posterior, 
surface of the proximal ulna so that bicortical fixation can 
be achieved by screws passing latéral to médial in the frag¬ 
ment (taking appropriate précautions for the ulnar nerve). 
Precontoured plates hâve a lower profile and more screws 
can be placed through the proximal fragment. 38 These plates 
should always be applied directly along the dorsal aspect of 
the ulna and under compression when the fracture pattern 
allows. Comminution is readily accommodated by static 
plate fixation augmented by bone graft as necessary. 

The exposure is the same as previously described along 
the subeutaneous border of the posterior ulna (Fig. 36-10). 
The plate length should be chosen to accommodate at least 
3 screws with 6 cortices on each side of the fracture. The plate 
should sit directly against bone proximally by splitting the 
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FIGURE 36-10 A and B. AP and latéral radiographs of a proximal ulnar fracture requiring plate fixation. C. Precontoured plate application posteri- 
orly along the ulna and (D and E) fixation with multiple screws. 


triceps fascia. Precontoured plates are easily positioned and 
may be temporary held with K-wires. 3.5-mm LC-DC plates 
should be bent to accommodate the curve of the proximal 
ulna. While site-specific plates are generally strong enough 
to provide adéquate stabilization, the construct may be rein- 
forced by a 90/90 construct with a low-profile p late applied to 
the latéral surface of the proximal ulna. A latéral plate (which 
provides good fixation from the coronoid level distally) may 
also be combined with a tension band construct proximally 
if fracture-spécifie precontoured plates are not available. 


Surgical Technique for Triceps Advancement 

Severely osteoporotic bone may not accommodate adéquate 
fixation to allow early motion. In these elderly patients, func- 
tion is more readily restored with fragment excision and 
triceps advancement. Contraindications to this technique 
include instability, incompétence of the médial ulnar collat¬ 
eral ligament (MUCL), interosseous membrane or DRUJ dis- 
ruption, and associated coronoid fracture. 41 Up to 50% of the 
olecranon can be removed without compromising function. 
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Further resection beyond this level has been shown to hâve a 
linear réduction in elbow stability. 36 The triceps is reattached 
with a nonabsorbable Krakow stitch passed through drill 
holes in the remaining ulna. The goal is to recreate a congru¬ 
ent transition from triceps tendon to articular surface. This 
provides greater elbow stability but cornes at the expense of a 
decreased moment arm and weaker extension, 38 although this 
is well tolerated in the elderly patient population. Résistance 
exercises are avoided until 12 weeks postoperatively. 

Réhabilitation 

The patients are initially splinted for 5 to 7 days following 
fixation and early motion is allowed if fixation is stable. 
Longer periods of immobilization are recommended if any 
concern of stability exists. Strengthening is avoided until évi¬ 
dence of healing is seen on radiographs. 

Complications 

Hardware irritation, more common after tension band fixa¬ 
tion, occurs in up to 80% of cases. Its incidence is less with 
use of plate fixation, but s orne studies hâve shown up to 20% 
of patients still requiring removal after healing. 38 

The incidence of postoperative stiffness is also quite com¬ 
mon and should be viewed as less a complication than a 
conséquence of the elbow trauma. The area of pathology is 
usually quite focal and resection of the posteromedial capsule 
and posterior MUCL alone will f requently restore full motion. 

Nonunion and malunion are uncommon in these injuries 
with the reported incidence of 1% to 5%. If they do occur, 
options include fragment excision, révision fixation with 
compression plating and bone graft, and arthroplasty in select 
cases of an elderly patient with an unreconstructable in jury. 36 

Posttraumatic arthrosis is more likely in proximal ulnar 
fractures with other associated injuries such as elbow insta- 
bility, coronoid, or radial head fractures. 

MONTEGGIA FRACTURES 

Monteggia fractures are defined as traumatic ulnar frac¬ 
tures with dislocation of the radiohumeroulnar joint. This 
requires disruption of the annular and quadrate ligaments to 
allow a dissociation of the proximal radioulnar joint. Intact 
portions of the interosseous membrane and TFCC maintain 
the alignment of the distal forearm. Réduction of the ulna 
restores the congruity of the proximal radioulnar joint and, 
therefore, the radiocapitellar articulation. The outcomes 
tend to mirror the fracture complexity. 42 

Classification 

Despite its limitations, the Bado classification is widely used 
today. As originally described, Bado type I fractures represent 


an anterior dislocation of the radial head with any fracture of 
the ulnar diaphysis at any level. These injuries are more com¬ 
mon in children and rare in adults. Bado type II injuries are 
distinguished by the presence of an anterior ulnar cortical 
fragment leading to posterior angulation of the ulnar frac¬ 
ture and an associated postérolatéral dislocation of the radial 
head. Bado type III fractures are ulnar metaphyseal fractures 
with a latéral or antérolatéral radial head dislocation and are 
also more common in children. Finally, a type IV is a fracture 
of the radius and ulna at the same level proximally with an 
anterior dislocation of the radial head. 


Indications 

An anatomie réduction of the ulnar fracture is critical for 
establishing a stable, congruent articulation of the radioulnar 
and radiocapitellar joints. 42 Although useful f or proximal ulnar 
fractures, tension band fixation and intramedullary screws 
are not sufficient to restore adéquate stability in Monteggia 
injuries. 42 Stabilization is best achieved with 3.5-mm LC-DC 
plates or fracture-specific precontoured plates. These pro vide 
a uniform stiffness and flexibility while resisting fatigue failure 
at extreme bending stresses. The plates should be applied along 
the latéral or dorsal border of the ulna, with 90/90 fixation 
reserved for cases that are especially unstable. Theoretically, 
90/90 fixation offers the advantage of extra, bicortical fixation 
in the proximal fragment but, again, requires protection of the 
ulnar nerve. 


Surgical Technique for Internai Fixation 

Monteggia fractures are best approached directly along 
the subeutaneous border of the ulna at the site of injury 
as described previously. Full-thickness flaps are elevated 
directly off the bony surface for complété exposure. It is 
désirable to hâve at least 3 screws or 6 cortices on each side 
of the fracture and the plate length should be selected as 
such. Provisional réduction is readily achieved with réduc¬ 
tion clamps as the plate is positioned and held temporarily 
with K-wires. If the fracture pattern allows, the plate should 
be applied with compression across the fracture. In commi- 
nuted fractures, autogenous corticocancellous bone graft is 
used to fill any gaps created by comminution. 

In the unusual instance of residual incongruity of the 
radiocapitellar joint, the ulnar fixation should be carefully 
scrutinized to ensure an appropriate réduction of the fracture 
and restoration of length. If it is deemed adéquate, disruption 
of the LCL is suspected. An open réduction of the radiocapi¬ 
tellar joint from a latéral approach allows for ligament repair 
and direct approximation of the radiocapitellar joint. 

Associated fractures of the radial head or proximal radius 
should be approached through a separate latéral, midaxial inci¬ 
sion. While it is tempting to treat this through the same poste¬ 
rior incision used to access the ulna, this approach is thought 
to increase the incidence of proximal radioulnar synostosis. 


484 


Section VI Elbow 


Réhabilitation 

The postoperative management is consistent with that of 
other fractures about the elbow. An assessment of stability 
is made intraoperatively and foliow-up radiographs are done 
to confirm the maintenance of a concentric réduction. Bony 
healing is prioritized over motion and prolonged immobi- 
lization may be necessary. No strengthening is started until 
evidence of healing is évident on x-rays. Loss of pronation 
and supination is more common than a function-limiting 
loss of flexion/extension. 


CORONOID FRACTURES 

The last decade has seen dramatic changes in the treatment of 
coronoid fractures. Even though they were initially thought 
to be of little functional importance, the results of nonopera- 
tive management hâve been disappointing. 43 Biomechanical 
studies hâve since revealed that even small and apparently 
insignificant coronoid fractures may be associated with sig- 
nificant elbow instability. The treatment of these injuries has 
evolved toward operative fixation. 43 

Classification 

The earliest adopted classification of coronoid fractures by 
Regan and Morrey utilized a latéral x-ray of the elbow to 
classify these fractures based on morphology. Type I frac¬ 
tures represent a small fleck of bone off the tip of the coro¬ 
noid. Type II fractures involve less than 50% of the coronoid 
process while type III are coronoid base fractures involving 
more than 50%. Due to its simplicity, this System is still widely 
used but fails to incorporate oblique fracture patterns such as 
the anteromedial or antérolatéral facet fractures that often 
require operative treatment. 44 Furthermore, the treatment 
recommendations derived from this study may not always 
apply because it was performed in elbows with intact liga¬ 
ments. This is rarely the case in a true, clinical coronoid frac¬ 
ture and the incidence of instability may be underestimated. 

Indications 

The coronoid is critical for elbow stability. In conjunction 
with the radial head, it acts as an anterior buttress to pre- 
vent posterior dislocation of the elbow. 45 The only other 
structure restraining anterior displacement of the humérus 
on the ulna is the posterior MUCL and the posteromedial 
capsule, which are frequently ruptured in elbow fracture dis¬ 
locations. Even small tip fractures (type I) are shearing or 
avulsion fractures that, in the adult, imply some degree of 
ulnohumeral or radiocapitellar instability with an associ¬ 
ated ligament in jury. Attempts to quantify the percentage of 
coronoid involvement that requires fixation to restore stabil¬ 
ity hâve been conflicting and it is likely that the ligamentous 



FIGURE 36-11 A “sag sign” seen in cross-sectional tomo¬ 
graphie images indicates posteromedial (seen here) or pos¬ 
térolatéral rotatory instability, depending upon whether the 
abnormal joint opening is médial or latéral. 


disruption in the setting of a type I or II fracture is the more 
critical déterminant. 46 These injuries should be approached 
cautiously and carefiil clinical and radiographie examination 
for any ulnohumeral instability is mandatory. The surgeon 
should also détermine the direction of instability, for exam¬ 
ple, postérolatéral or posteromedial. This can frequently be 
gleaned from the axial cuts of a CT scan looking for a “sag 
sign” in the olecranon fossa (Fig. 36-11) to détermine the 
direction of displacement. 

Type II and III fractures should be assumed unstable 
until proven otherwise and treated surgically. Fractures of 
the anteromedial facet are indicative of varus posteromedial 
instability. They require fixation with a buttress plate as the 
only other stabilizers against posteromedial rotatory sublux¬ 
ation are the posterior MUCL and posteromedial capsule. 44 

The surgical approach is dépendent on not only the size 
and location of the coronoid fragment but also the choice 
of fixation and need for exposure. A preoperative CT scan 
is invaluable in evaluating the extent of in jury and surgical 
planning. 

Surgical Technique for Open Réduction 
Internai Fixation of Coronoid Fractures 

The patient is positioned supine with the elbow flexed over 
the body and held with a positioner (Fig. 36-12). A single 
midline posterior or separate médial and latéral incisions 
may be used as described above. The ulnar nerve is exposed 
and decompressed. It may be transposed at the conclusion 
of case depending on the surgeon s preference. The origin of 
the flexor-pronator mass is exposed at the médial épicondyle 
and carefully elevated off the ulna in a distal to proximal 
direction to expose the sublime tubercle, coronoid process, 
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FIGURE 36-12 Coronoid fracture fixation. A. CT of coronoid fx 
demonstrates posterior subluxation of the joint. B. Suture lasso 
fixation of a coronoid fracture. The Hewson suture passer is used 
to shuttle the sutures posteriorly. They are tied over arthroscopic 
sliding knots to secure the fragment under compression. 
C. In larger fragments, screws may be inserted through the same 
approach over guidewires. 


and the médial collateral ligament. Dissecting from distal to 
proximal simplifies the procedure as there is a clear transi¬ 
tion from the distal muscle portion to the fibrous MUCL 
insertion on the sublime tubercle. 47 Provisional stabiliza¬ 
tion is accomplished with réduction clamps or K-wires. This 
approach allows for placement of a buttress plate directly 
against the posteromedial facet or screw fixation. If the frag¬ 
ment is large enough, partially threaded cannulated s crews 
are placed over guidewires through the posterior ulna. An 
ACL guide will assist with aligning the guidewires to pen- 
etrate the posterior ulnar cortex into the center of the frag¬ 
ment while réduction is held. These wires should angle 
slightly from distal posterior to proximal anterior in the cor¬ 
onoid so that distally directed forces on the coronoid from 
the trochlea tend to compress, rather than distract, across the 
fracture site. Two screws are preferred if the fragment size 
allows (3.0 or 3.5 mm). Fluoroscopy should be used to con¬ 
firai guidewire and screw placement and concentric réduc¬ 
tion. The LCL is repaired to its origin from the anteroinferior 
aspect of the latéral épicondyle at its isométrie point using 
a braided, Kevlar-reinforced suture. The MUCL should be 


reconstructed rather than repaired if torn, but this will not 
protect against posteromedial rotatory instability that, if 
présent, is an indication for supplémentai static external fixa¬ 
tion to ensure a stable, concentric réduction. 

Surgical Technique for Suture Lasso 

This is the preferred technique if the fragment is severely 
comminuted or too small to accommodate screw fixation or 
buttress plating (Fig. 36-12). The exposure is done as above 
or through the classic médial over-the-top approach or the 
proximally extended latéral approach, depending on the 
configuration of the fracture and the need to treat associated 
injuries, such as a radial head fracture. A Kevlar-reinforced 
suture is passed over the top of the coronoid fragment and 
through its attached anterior capsule. A free needle is then 
used to pass each limb of the suture through the base of the 
fracture and out the posterior cortex of the ulna. 47 These 
sutures are tied along the subeutaneous border of the poste¬ 
rior ulna to secure the fragment. 
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Surgical Technique for Antérolatéral 
or Anteromedial Coronoid Fractures 

Antérolatéral fragments may be accessible from an extended 
antérolatéral exposure, particularly if the radial head is 
removed for replacement (Fig. 36-13). The latéral midaxial 



incision is extended proximally and the ECRB and, if nec- 
essary, a portion of the brachioradialis is reflected from the 
humérus being mindful of the radial nerve. Fixation by lag 
screws or a circlage suture may then be performed. Hardware 
should always be angled slightly in a distal to proximal direc¬ 
tion to permit maximal coronoid fragment purchase and to 



FIGURE 36-13 Oblique coronoid fractures. A. Additional 
fracture patterns are easily missed on plain x-rays, 
(Reproduced with permission from O’Driscoll SW, Jupiter J, 
Cohen MS, Ring D, McKee MD. Difficult elbow fractures: 
pearls and pitfalls. In: Ferlic DC, ed. înstructional Course 
Lectures, Vol 52. Rosemont, IL: American Academy of 
Orthopaedic Surgeons; 2003.) but ( B and C) CT scan clearly 
démons trates the oblique pattern of in jury. D and E. Fixation 
with a buttress plate supports the fracture and stabilizes 
against posteromedial rotatory instability. 








Chapter 36 Fractures of the Elbow 


487 


“trap” the coronoid fragment between the anterior surface of 
the proximal ulna and the screw, thus providing a buttress 
against distal displacement. 

Anteromedial facet fragments must be approached 
through the médial side and are fixed with a buttress plate. 
The interval dépends on the size of the fragment, but access 
to the entire médial border of the proximal ulna may be 
needed. This can be done by splitting the flexor-pronator 
mass and reflecting anterior and posterior muscles groups, 
or by reflecting the entire flexor-pronator mass from the 
humérus and proximal ulna anteriorly with the ulnar nerve 
included in the musculotendinous bundle. In some circum- 
stances, the surgeon may also take advantage of concomitant 
fractures of the radial head or proximal ulna to use as view- 
ing portais through which to treat the coronoid. 

However it is approached and fixed, the overarching goal 
is stable restoration of the ulnohumeral joint. Fixation of the 
coronoid alone is often not enough in the presence of other 
injured structures. Ligament repair or reconstruction, radial 
head fixation or replacement, and proximal ulnar fixation 
may ail be necessary along with supplémentai static external 
fixation. 


Arthroscopic Fixation of the Coronoid 

Transverse fractures of the coronoid tip and antérolatéral 
fractures are amenable to arthroscopic fixation (Fig. 36-14). 
This imparts additional stability to the elbow with minimal 
surgical trauma. 

The standard anteromedial and antérolatéral portais are 
established. Evacuation of the hematoma with a 3.5-mm 
shaver in the anteromedial portai will generally permit 
adéquate visualization of the coronoid. Debridement of 
significant synovitis along the anterior capsule may also 
be necessary. This is most often the difficult portion of the 
procedure, particularly with soft tissue swelling and capsu- 
lar avulsion. A few extra minutes spent debriding this area 
to achieve good visualization is invaluable, as is the use of 
retractors. Lowinflow pressures (<30 mm Hg) will minimize 
swelling and prolong working time. A small, modified skin 
hook is then introduced through the anteromedial portai to 
grab and reduce the coronoid fragment. It should be remem- 
bered that the coronoid will fit intimately against the troch- 
lea when properly reduced. Fluoroscopyis used to détermine 
the optimal entrance site for the cannulated screw guide- 
wires along the posterior cortex of the proximal ulna aiming 
to pass into the coronoid. These wires should angle slightly 
from distal posterior to proximal anterior in the coronoid. A 
drill guide, if available, is also helpful. 

If the fragment is of sufficient size to pass 2 partially 
threaded cannulated screws (3.0 or 3.5 mm), this is the pre- 
ferred fixation. It should be further reinforced with a cir- 
clage loop of suture passed through the screws to achieve 
a mattress suture effect, much like an umbrella embracing 
the tip of the fragment. Most fractures, however, will not 
accept 2 screws. Therefore, a single screw should be placed 


to target the center of the largest fragment dimension. The 
correct position of the wires is confirmed with fluoroscopy 
and direct visualization through the arthroscope. The guide- 
wire is then grasped with a locking arthroscopic forceps as 
the cannulated drill bores a tunnel through the bone. This 
will prevent inadvertent extraction as well as stabilize and 
compress the fragment to the coronoid base. A partially 
threaded cannulated screw is selected and should be slightly 
undersized to maintain 1 mm of bone between the cortex of 
the coronoid and the screw. This will avoid abrasion of the 
sutures against the screw. 

The fixation is then reinforced with the circlage sutures 
passed through the cannulated screws into the joint. 
Depending on the orientation of the fracture, these sutures 
will be passed down the border of the coronoid medially 
or laterally. If there are 2 screws, passage of the suture is 
straightforward and a #2 Kevlar-reinforced suture may be 
shuttled through the screws. If the size of the fragment does 
not permit the use of 2 screws, the suture is passed through 
the screw and is then shuttled either laterally, using an 
18-gauge spinal needle passed through the proximal radio- 
ulnar joint, or medially, deep to the flexor-pronator mass and 
ulnar nerve. Great care must be taken in passing the médial 
circlage suture due to the proximity of the nerve. A small 
Freer elevator with a hole drilled in it is preloaded with the 
28-gauge wire. It is passed exactly along the médial bone of 
the proximal ulna ensuring it is deep to the ulnar nerve. The 
wire is then used to shuttle out the circlage suture. Sliding 
knots are used to cinch the sutures tightly along the posterior 
border of the ulna. No adverse effects hâve been noted from 
an intra-articular suture of this type, although the knot on 
the posterior border of the proximal ulna can be irritating. 
If this is the case, the sutures are easily removed once the 
fracture has healed. 


ELBOW INSTABILITY AND ASSOCIATED 
FRACTURES (“TERRIBLE TRIAD”) 

As outlined above, coronoid fractures are frequently asso- 
ciated with elbow instability. Any fixation of the coronoid 
should therefore include an évaluation and repair of a torn 
LCL. Depending on the fracture pattern, disruption of the 
posterior médial collateral ligament may be involved as well. 
In the event of persistent instability despite adéquate fixation 
and repair, a static external fixator is applied to stabilize the 
ulnohumeral joint. Note that the anterior band of the MUCL 
is the primary stabilizer against valgus forces, but cannot pre¬ 
vent posteromedial rotatory instability. Hence, even MUCL 
reconstruction would not prevent this problem. Under no 
circumstances is it acceptable to leave the operating room 
with asubluxedjoint. 

The combination of an elbow dislocation, radial head 
fracture, and coronoid fracture is commonly referred to as 
the “terrible triad” in light of its notoriously poor outcome. 
Posttraumatic arthritis, récurrent instability, chronic pain, 
and functional déficits are common long term. Although its 
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FIGURE 36-14 Arthroscopic coronoid fixation. A. The 
coronoid fracture is visualized and (B) guidewires are 
directed from the posterior proximal ulna to the base of 
the coronoid. The tip of the coronoid is then reduced and, 
under arthroscopic visualization, a guidewire and cannu- 
lated screw are placed in the coronoid from the subcu- 
taneous border of the proximal ulna. Fluoroscopy helps 
détermine the approximate entrance point. A second, 
médial hole is drilled over another guidewire for passage 
of a circlage suture using a suture retriever or 28-gauge 
wire. C and D. A Kevlar-reinforced suture is passed 
through the cannulated screw and through the second 
hole, and then exiting to the posterior border of the ulna. 
E and F. The coronoid circlage suture is tied after ORIF 
of the radial head using an arthroscopic sliding knot. The 
radial head fracture is then fixed through a small, latéral 
approach. cor, coronoid; fx, fracture line; RH, radial head; 
troch, trochlea. 
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complexity can be daunting, a systematic approach to treat- 
ment simplifies this and provides a more dependable and 
reproducible method of appropriate fixation. McKee et al 
described a standard protocol to approaching these inju¬ 
ries. It includes initial fixation or replacement of the radial 
head, fixation of the coronoid fracture, repair of the LCL 


complex, and, for residual instability, reconstruction of the 
médial collateral ligament and/or application of an external 
fixator 48 (Fig. 36-15). Persistent posteromedial instability or 
marginal fixation of the anteromedial coronoid fragment is 
an indication for static external fixation in order to achieve 
the primary goal of a stable, reduced elbow. 44 Motion can 






FIGURE 36-15 Terrible triad in jury (A and B) x-rays and 
(C and D) CT scan show posterior elbow subluxation with frac¬ 
tures of the coronoid and radial head. (E and F) Concentric, 
stable réduction was obtained after ORIF of the radial head, LCL 
repair, and ARIF of the coronoid with a cannulated screw and 
cerclage suture. 
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be reliably restored by means of subséquent arthroscopic or 
open release if necessary, but an unstable elbow is an intrac- 
table problem. 

If an external fixator is needed, many authors advocate 
dynamic external fixation to allow for some postoperative 
motion and the technique is well described. 49 While con- 
ceptually attractive, this requires perfect placement of the 
central pin through the axis of rotation, something far easier 
to describe than perform. Any déviation from this axis will 
unevenly distribute the load across the joint creating abnor¬ 
mal stress at a focal région or hinging the joint into a sub- 
luxed position and compromising fixation. As we discussed 
in the treatment of distal humérus fractures, our preference 
is to prioritize stability over motion and it is our practice to 
apply a static external fixator, if needed, and plan on staged 
contracture release once injured structures hâve healed. 

Complications 

As with the other fractures, common complications include 
ulnar nerve palsy, hétérotopie ossification, stiffness, and 
posttraumatic arthrosis. While some element of posttrau- 
matic arthrosis is probably inévitable, stable well-aligned 
joints hâve been shown to degenerate to a lesser degree. 45 
Stiffness, likewise, is common but less problematic with the 
current success of contracture release. Récurrent subluxation 
is a feared complication but preventable with careful atten¬ 
tion to each aspect of fixation. 

CONCLUSION 

A changing paradigm for treatment of elbow fractures and 
fracture/dislocations, combined with improved instrumen¬ 
tation, implants, and surgical technique, has improved the 
results of these challenging injuries. 4,10,13,42 ' 44,48 Prioritizing 
healing and a stable, congruent réduction over early motion 
may require a staged contracture release, but helps avoid 
nonunion, avascular necrosis, or stiffness with instability, for 
which there are no good solutions. 
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Simple Elbow Dislocations— 
A Practical Guide 

Michael A.C. Lapner, MD, FRCSC 
George S. Athwal, MD, FRCSC 



RATIONALE AND BASIC SCIENCE 

The elbow is a trochoginglymoid joint with motion occur- 
ring in flexion-extension and pronation-supination arcs. 1 
Stability is conferred by the unique osteology of 3 articu¬ 
lations: the distal humérus and proximal ulna, proximal 
radius and ulna, and radiocapitellar joints. Soft tissues play 
an important rôle in stability through ligaments, joint cap¬ 
sule, common extensor origin, and flexor pronator mass 
(Fig. 37-1). 1-5 The médial collateral ligament has 3 bundles: 
anterior, posterior, and transverse. The anterior bundle, 
a primary elbow stabilizer, is important in resisting valgus 
stresses. 1,6-8 The latéral collateral ligament comprises the 
latéral ulnar collateral (LUCL), radial collateral ligament 
(RCL), and annular ligament. The LUCL, another primary 
stabilizer, imparts stabilization during varus stress and in 
the setting of postérolatéral rotatory instability. 5 The RCL 
stabilizes the ulnohumeral and radiocapitellar joints while 
the annular ligament stabilizes the proximal radioulnar joint 
(PRUJ). The common extensor origin and flexor pronator 
mass are dynamic secondary stabilizers. 5 

Simple elbow dislocations are soft tissue injuries lacking 
fractures. A dislocation is still considered simple if small 
coronoid tip fractures or fleck avulsions of the collateral liga¬ 
ments are présent. 9 


EPIDEMIOLOGY AND 
MECHANISM OF INJURY 

The elbow is the second most commonly dislocated joint 
and 10% to 25% of ail elbow injuries include dislocation. 1,10-12 
Simple dislocations comprise 51% to 74% of ail disloca¬ 
tions. 1,10 In a recent study the incidence of simple disloca¬ 
tions was 5 per 100,000 person years, with the highest risk at 
âges 10 to 19. There was an almostequal risk of dislocation in 
ail other âge brackets. Posterior or postérolatéral dislocations 
are most common, 1,13 while anterior are rare, and divergent 
even less common. 1,13 Associated injuries are not uncommon 


and include proximal humérus, distal radius and ulna, 
perilunate, and scaphoid fractures. 3 

Classification is based on the direction of the dislocation 
and commonly includes posterior, latéral, médial, anterior, 
and divergent. Dislocations can also be classified as acute, 
subacute (2-6 weeks), and chronic (>6 weeks). 9 

The mechanism of in jury is typically a fall on an out- 
stretched hand. 1 An axial force is applied through the flexed, 
valgus joint with the forearm in supination. It is theorized 
that a progressive soft tissue failure occurs from latéral to 
médial: first the LCL is disrupted foliowed by the anterior 
capsule, and lastly the MCL. 5,11 The Horii ring of elbow 
instability includes 3 stages. Stage 1 involves disruption of 
the ulnar component of the LCL with a postérolatéral sub¬ 
luxation and réduction is spontaneous. Stage 2 occurs with 
progressive disruption both anteriorly and posteriorly with 
an incomplète postérolatéral dislocation, termed perched. 
Stage 3 is divided into 3a (anterior bundle of MCL intact) 
and 3b, ail soft tissues disrupted. Dislocation is the final 
sequence of the stages. 5 

Postreduction radiographs must be scrutinized for frac¬ 
tures including those of the radial head, capitellum, or coro¬ 
noid. The congruence of the joint must be assessed. The drop 
sign may be the only radiographie indication of a reduced 
dislocation (Fig. 37-2). The drop sign measures the dis¬ 
tance from the trochlear sulcus to the olecranon articular 
surface and increased values are suggestive of instability. 14 
Radiographs may also reveal a subtle impaction injury called 
the Osborne-Cotterill lésion. 15 This osseous defect occurs on 
the postérolatéral aspect of capitellum, caused by the dislo¬ 
cated radial head. 16 

The management of an elbow dislocation begins with a 
history, physical examination, and plain radiograph évalua¬ 
tion. Computed tomography may be utilized if further osse¬ 
ous assessment is required. Réduction of the dislocation is 
generally performed under conscious sédation; however, 
local anesthetic, general anesthésia, or régional anesthésia 
may also be used. Fluoroscopy is bénéficiai in determin- 
ing postreduction stability and for the réduction maneuver. 
Various methods of réduction hâve been described. For the 
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FIGURE 37-1 Anatomy of the latéral (A) and médial (B) collateral ligaments. (Adapted with permission from Bain GI, Mehta JA. Anatomy of the 
elbowjoint and surgical approaches. In: Baker CL Jr, Plancher KD,eds. Operative Treatment of Elbow Injuries. New York: Springer-Verlag; 2001:1-27.) 


typical postérolatéral dislocation the patient is positioned 
supine with slight elbow flexion. The coronoid must be dis- 
engaged from distal humérus in order to prevent shearing 
and résultant osteochondral damage. This is accomplished 
by having the physician apply longitudinal traction to fore- 
arm while an assistant applies countertraction on the arm. 
Médial or latéral displacement is first corrected foliowed by 


a gentle force on the olecranon with elbow flexion to reduce 
the joint. A postreduction examination is then performed. 
The elbow is tested for stability in both pronation and supi¬ 
nation and documented. 1,3,9,11,17-19 The patient is placed in a 
sling if the elbow is stable, or in a posterior splint at 90° of 
flexion if unstable, and seen within 3 to 7 days for clinical and 
radiographie follow-up examination. Anterior dislocations 
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FIGURE 37-2 The drop sign. 


are less common and may be caused by higher-energy mech- 
anisms. Réduction is performed by positioning the elbow 
in slight flexion and applying traction to the forearm; some 
authors suggest performing the réduction in the operating 
room. 1 Divergent dislocations are extremely rare and various 
methods hâve been described to reduce the elbow including 
reducing the radius to ulna and then the forearm to humérus 
or reducing the radius to humérus and then the ulna to the 
humérus. Neurovascular assessment is required prior to and 
after any réduction. 

Indications 

In general, most simple elbow dislocations are managed 
effectively with nonoperative techniques. The indications 
for nonoperative management include a stable, concen- 
trically reduced elbow including those with a drop sign. 20 
Radiographs are taken in the clinic at the first follow-up visit 
and active range of motion exercises initiated. The timing 
of activation of range of motion is controversial, but there 
is agreement that it should commence within 1 to 2 weeks 
of in jury. Stability is defined as a flexion-extension arc from 
60° to full flexion. Range of motion through this stable arc 
may be initiated at the first follow-up visit with an extension- 
block splint or a hinged brace. 

The indications for operative treatment include an irre- 
ducible joint, inability to maintain réduction, or an open 
dislocation. 21 The failure to maintain réduction at 60° of 
flexion despite positioning the elbow in pronation or supi¬ 
nation typically requires surgical intervention. 11(22,23 Elbows 
with open injuries, vascular compromise, or compartment 
syndrome are also indications for surgery. 11 Controversy 
exists in the surgical management of simple elbow disloca¬ 
tions; options include repair of the LCL alone (commonly), 
or repair of the LCL and MCL. 24 Generally, if the elbow is 
stable after LCL repair, the MCL may be left unrepaired if the 
patients vocation or activities do not risk positions of varus 


stress. Other surgical options include external fixation and 
transarticular pinning. 

Contraindications 

Contraindications to surgery include a stable elbow. Relative 
contraindication includes a medical history that precludes 
the patient from undergoing an operation. 

Surgical Technique 

Surgical options for simple elbow dislocations include repair 
of the LCL, LCL and MCL repair, static or dynamic external 
fixation, ligament repair and external fixation, or transar¬ 
ticular pinning. 

The ligament(s) can be repaired with a transosseous tech¬ 
nique or using suture anchors. The transosseous technique, 
our preferred method, requires high-strength #2 braided 
suture, a suture passer or shuttle, drills, fluoroscopy, and pos- 
sibly a cortical button to augment the repair in ostéopénie 
bone. 

The patient should be positioned supine or semilateral. 
A stérile or nonsterile tourniquet may be applied depend- 
ing on arm and euff size, leaving room for proximal dissec¬ 
tion if required. A régional block or general anesthetic may 
be used. One of 2 incisions may be selected—posterior or 
latéral. The posterior incision is fashioned in the midline 
with full-thickness fasciocutaneous flaps. The advantages of 
the posterior incision are that fewer cutaneous nerves cross 
the incision 25 and that deep médial and latéral approaches 
can be conducted through the same skin incision. A latéral 
incision may be bénéficiai in obese or vasculopathic patients 
where larger flaps may be at risk of healing issues. If a médial 
repair is planned when using a posterior incision, the ulnar 
nerve is identified and may be transposed to an anterior sub- 
cutaneous location. 

The common extensor origin is often avulsion off the lat¬ 
éral épicondyle allôwing for easy access to the latéral elbow. 26 
If intact, the interval between the anconeus and extensor 
carpi ulnaris is used to access the radial head and ruptured 
LCL. Inspecting a bare area on the épicondyle can help iden- 
tify the LCL origin. The isométrie origin of the LCL on the 
latéral épicondyle is selected as the center point of a circle 
created by the radius of curvature of the capitellum. This can 
be confirmed by observing ligament/suture tension by tak- 
ing the elbow through a flexion and extension arc with the 
ligament origin centered on the capitellum. 27,28 As mentioned 
above, options for repair of the collateral ligaments include 
a transosseous bone tunnel technique, suture anchors, or 
interférence screws with each sharing the same underlying 
principle of anatomie repair. 29 The common extensor ori¬ 
gin is often repaired with the LCL or can be repaired as a 
second superficial layer to the latéral supracondylar ridge. 
Following LCL repair, the elbow is tested for stability in both 
pronation and supination in varying degrees of flexion with 
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fluoroscopie imaging assistance. If the elbow is stable, the 
woundmay be closed in layers. If still unstable, a médial dis¬ 
section is carried out. The MCL is exposed after mobilizing 
or splitting the flexor pronator tendon. At times, the flexor 
pronator mass is avulsed from the humérus facilitating dis¬ 
section. 26 The anterior bundle of the MCL must be repaired 
to its anatomie footprint on the sublime tubercle (insertion) 
or the médial épicondyle (origin). Reconstruction of the 
MCL or LCL is rarely required in the acute circumstance. 
After MCL repair, the flexor pronator mass is repaired with 
drill holes through the supracondylar ridge. Following repair, 
range of motion and stability are again tested in neutral, pro¬ 
nation, and supination. 

If still unstable or in an obese patient with a very heavy 
arm, considération should be given to an external fixator to 
further protect the repairs. 30 Both static and hinged external 
fixators are commercially available. Static fixators, our pre- 
ferred method, hâve the benefit of ease of application and 
lower complication rates, but risk stiffness. 31 When using 
hinged external fixators, one must ensure the axis pin is 
inserted in the isométrie point. 32 Transarticular pinning, 
although historié, may still be considered when external fixa¬ 
tion is unavailable. 

Réhabilitation 

The postreduction management of simple elbow disloca¬ 
tions in volves early active range of motion, as several studies 
hâve reported the detrimental effects of prolonged immobi- 
lization. 9,33-36 Flexion contracture, pain, and time away from 
work increase if motion is not initiated within the first 7 to 
10 days. If stable after réduction, then full active motion is 
initiated. A sling may be used for 2 to 3 weeks for comfort. 

A controlled motion program with an extension-block 
splint may be used for unstable elbows. The forearm is posi- 
tioned in maximal stability (typically pronation) and pro¬ 
gressive^ extended until full motion is achieved (Fig. 37-3). 

The overhead réhabilitation protocol may be considered 
in unstable elbows to limit the effect of gravitational forces 
that may contribute to ulnohumeral séparation (Fig. 37-4). 37 
Overhead exercises with active elbow flexion and extension 
are comfortably performed with the patient supine, shoulder 
flexed 90°, and neutral rotation, with the forearm in a posi¬ 
tion of stability (pronation or supination). This technique 
may assist with flexion contractures by activating the triceps. 
Exercises are performed every 2 to 4 hours during the day. 

If a dynamic external fixator is utilized, active range of 
motion is typically allowed and the fixator is removed at 
4 to 6 weeks. With a static fixator, removal usually occurs at 
3 to 4 weeks followed by a fluoroscopie assessment of stability. 

Complications 

Complications of simple elbow dislocations include hétéro¬ 
topie ossification, stiffness, neurovascular injuries, persistent 
instability, or chronic dislocations. 38,39 


Prévention of stiffness occurs with early range of motion 
protocols. 34-36 If there is failure of progressive motion or 
range of motion is less than 30° to 130°, static progressive 
splinting may be initiated 4 to 8 weeks after in jury. 3 Flexion 
contractures may be treated with an extension volar ortho¬ 
sis and adjusted until full extension is achieved. Restricted 
flexion may be managed with adjustable flexion euffs. 
Aggressive stretching should be avoided. 3 If there is a failure 
of progression, or failure with static splinting, a turnbuckle 
orthosis may also be applied. 36 Generally, these are initiated 
after 6 weeks as sufficient bony and soft healing has taken 
place at this point. If there is less than 10° of progression over 
3 to 4 months, surgical release can be considered if there is 
interférence with patient function. 

Indomethacin use for hétérotopie ossification préven¬ 
tion is controversial and largely based on the orthopédie hip 
literature. 40 Radiation may be used in those patients with 
head injuries (700 cGy single dose). Neurovascular injury 
has been reported. 3,35,40 Ulnar neuropathy is the most com- 
mon nerve in jury with persistent symptoms occurring in less 
than 10% of patients. Brachial artery in jury is rare. Chronic 
instability is uncommon if adéquate treatment is performed 
early. 3,20,35,41 For the small proportion of patients who remain 
unstable, operative intervention may be considered. Chronic 
dislocations are infrequently seen and treatment dépends 
on the patients functional demands with options including 
observation, open reconstruction, arthroplasty, or fusion. 9,42 


Outcomes 

For the simple elbow dislocation treated closed, the literature 
supports an early range of motion protocol. 18,33-36,41,43 Superior 
results are observed with minimal, less than 1 week of immo- 
bilization, followed by progressive active mobilization and 
strengthening. Final range of motion, return to full activity, 
and return to work are improved in those with early motion 
protocols. 33-35 In a rétrospective study comparing réduction 
followed by plaster splint for 2 weeks with réduction and 
sling, both groups had excellent outcomes; however, the sling 
group had significantly better QuickDASH and Mayo Elbow 
Performance Index scores. 33 Slight postreduction sublux¬ 
ation, referred to as the drop sign, may be managed similarly 
with active elbow exercises and avoidance of varus stress. 14,20 
Patients treated operatively may report higher rates of pain 
with activity, weather-related symptoms, weakness, and pain 
at rest compared with a nonsurgically treated cohort. 26 

In a comparative trial of 26 patients treated with 3 weeks 
of casting versus 24 patients treated with immédiate func¬ 
tional treatment (three 10-minute sessions per day with ini¬ 
tial progressive ROM starting at 50° to 100°, and a sling at 
rest), Rafai et al showed that functional treatment had bet¬ 
ter outcomes with 96% normal extension versus 81% in the 
casted group. There was no différence in pain, instability, or 
hétérotopie ossification. 44 

Josefsson et al, in a randomized controlled trial comparing 
closed versus open treatment with ligament repair, reported 
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FIGURE 37-3 Anteroposterior (A) and latéral (B) radiographs demonstrating a simple postérolatéral elbow dislocation. A postreduction latéral view 
with the forearm in neutral rotation (C) reveals an incongruent ulnohumeral joint and postérolatéral rotatory instability. Elbow réduction by position 
forearm in full pronation (D). The 3-month follow-up anteroposterior (E) and latéral (F) images demonstrate aconcentricallyreduced joint. 
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FIGURE 37-4 Overhead réhabilitation protocol for LCL deficiency. Images A and B demonstrate active elbow extension and flexion with forearm 
pronated, respectively. Images C and D demonstrate active supination and pronation of forearm with elbow at 90°, respectively. 


better final range of motion in the closed cohort, although it 
didnot achieve statistical significance. 26 A subgroup analysis 
revealed that even unstable elbows performed similarly in 
both groups (grip, pain, instability). Additionally, no cases of 
récurrent dislocation were reported. 

For longer-term follow-up, a rétrospective comparative 
study between closed and open treatment for simple elbow 
dislocations demonstrated no différence in final outcomes 
at 3- to 7-year follow-up. 41 Duckworth et al, in a sériés of 


23 patients with slight residual subluxation after a simple 
dislocation, reported that with avoidance of varus stress and 
active range of motion exercises, patients had stable elbows 
with normal radiographie parameters at 2-year follow-up. 20 

Micic et al reported on 20 patients with simple elbow 
dislocations with postreduction instability treated with a na- 
tomic ligament repair. At the time of surgery, the authors 
observed LCL avulsions in 80%, MCL avulsions in 55%, com- 
mon extensor injuries in 80%, and flexor pronator injuries 
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FIGURE 37-5 Algorithm of simple elbow dislocation management. 


in 60%. At a mean 2-year follow-up, the mean Mayo Elbow 
Performance Index was 93/100 and extension loss averaged 
14°. Fourteen patients developed hétérotopie ossification, 
but none required further surgery. 22 

Long-term follow-up studies on simple elbow disloca¬ 
tions hâve demonstrated that patients generally hâve satisfac- 
tory outcomes. 45 However, the injury may not be completely 
benign as Anakwe et al reported, in a sériés of 110 patients, 
an 8% rate of subjective instability without récurrent dis¬ 
locations and minor limitations in range of motion on the 
injured side. The results obtained, including the subjective 
instability (8%), stiffness (56%), and pain (62%), could hâve 
been a réfection of the categorical questionnaires used in 
the study. 46 In another long-term study by de Haan et al, 
86 patients were identified with simple and complex disloca¬ 
tions and 42 were reviewed at follow-up. The authors con- 
cluded that good results were obtained with early functional 
range of motion in most patients. 47 

In summary, the vast majority of simple elbow disloca¬ 
tions can be treated nonoperatively with an early active range 
of motion réhabilitation protocol. A treatment algorithm is 
demonstrated in Figure 37-5. Patients with a stable réduc¬ 
tion between 60° and full flexion can be rehabilitated with 
an extension-blocking orthosis. Instability in greater degrees 
of flexion may require operative repair. Typically the LCL 
is repaired first and stability is usually obtained. However, 
in case of persistent instability, MCL repair and possibly an 
external fixator may be required. 
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Elbow Arthroscopy 

Julie E. Adams, MD 
Scott P. Steinmann, MD 


RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

Elbow arthroscopy is an emerging technique for treatment 
of a variety of conditions about the elbow. Previously, 
elbow arthroscopy was abandoned as it was deemed to be 
inherently unsafe. 1 However, in recent years, an increased 
understanding of the anatomy about the elbow and tech¬ 
niques to make arthroscopy less risky hâve emerged. In 
addition, recent interest in “minimally invasive” tech¬ 
niques to accelerate réhabilitation has expanded interest in 
arthroscopy of the elbow. 

INDICATIONS 

The idéal indication for elbow arthroscopy is loose body 
extraction. Other indications include debridement for sep- 
tic elbow arthritis, synovectomy for rheumatoid arthritis or 
hémophilie arthritis, debridement for osteoarthritis, con¬ 
tracture release, treatment of osteochondral defects, tennis 
elbow release, and for diagnostic purposes. In addition, there 
is an emerging rôle of elbow arthroscopy for treatment of 
selected fractures about the elbow as well as for instability of 
the elbow in some cases. 2-24 


CONTRAINDICATIONS 

Contraindications to elbow arthroscopy include lack of 
surgeon expérience with the procedure and available 
arthroscopic equipment and setup; in addition, prior sub- 
muscular or intramuscular ulnar nerve transposition is g en- 
erally considered a contraindication. Prior subeutaneous 
nerve transposition is not necessarily a contraindication to 
arthroscopy; however, the path of the nerve should be con- 
clusively identified prior to surgery, by intraoperative ultra- 
sound, palpation, or via an incision and direct exposure. 25 
Caution should be exercised in the setting of prior surgery 
in general, as especially an antérolatéral incision may hâve 



resulted in scarring and possible tethering of the radial 
nerve. In addition, prior surgery may hâve distorted the nor¬ 
mal anatomy making surgery more risky. Need for an open 
incision, such as for removal of hardware, reconstruction of 
ligaments, placement of prostheses, or transposition of the 
ulnar nerve, may make arthroscopy an extra step in the pro¬ 
cedure and less désirable. In addition, for arthritic elbows, 
pain experienced throughout the arc of motion rather than 
just at end arc of motion may indicate that elbow arthros¬ 
copy and simple debridement will be less effective than alter¬ 
native open reconstructive procedures (such as arthroplasty) 
for relief of pain. 16,17 

SURGICAL TECHNIQUE 

General anesthésia is preferred, as the patients neurovas- 
cular status may be evaluated in the recovery room shortly 
after the procedure. Either a nonsterile tourniquet may be 
applied high on the arm and the arm prepped and draped 
distal to the tourniquet or a stérile tourniquet may be 
applied after the arm has been prepped and draped from the 
fmgertips to the axilla. 

Patient positioning may be supine, prone, or in the lat¬ 
éral decubitus position. We prefer a latéral position, in 
which the patient is positioned with the aid of an inflatable 
bean bag. The arm is secured with a dedicated arm holder. 
Commercially available arm holders may be used; alterna- 
tively, modifications of a knee holder or custom-made hold¬ 
ers may be used. 

The arm is placed such that the elbow is higher than the 
shoulder (Fig. 38-1). Care is taken to avoid pressure on 
the antecubital fossa, and that the support of the arm holder 
is sufficiently proximal (Fig. 38-2). 

The arm is draped and positioned such that the elbow 
can be freely flexed and extended and that full access to the 
elbow can be maintained (Fig. 38-3). 

Arthroscopic equipment is the standard knee arthros¬ 
copy equipment with a 30°, 4.5-mm arthroscope. Cannulas 
that lack trephinations are especially useful for elbow 
arthroscopy. Cannulas with trephinations can allow escape 


501 


502 


Section VI Elbow 



Nonsterile tourniquet 
and holding strap 


Main patient 
support strap — 

Pillow between legs 


Back support brace 


FIGURE 38-1 Operative setup demonstrating the patient in the latéral decubitus position. (With permission of Mayo Foundation for Medical 
Education and Research. Ail rights reserved.) 


of fluid out into the soft tissues, worsening swelling and 
limiting the working time of the procedure. A radio- 
frequency ablator is useful to control bleeding and débridé 
synovitis. A variety of standard arthroscopic biters and 
graspers are helpful, as are burrs and shavers. The shaver 
importantly is not hooked up to suction, as there may be 
a tendency to suck in soft tissue during shaving. In the 
elbow, given the proximity of the neurovascular struc¬ 
tures, the margin of safety may be slight and avoidance 
of shaver suction may help prevent inadvertent injury to 
named structures. Rather, the shaver is allowed to drain 
freely to the floor. A variety of commercially available 
purpose-made retractor devices are available. In addition, 
one might use Howarth retractors, Freer elevators, blunt 
trocars, and other such devices for the same purpose. 

Portai Placement 

In general, standard portais include the antérolatéral, 
anteromedial, posteromedial, and direct posterior portais. 
Accessory portais include the soft spot portai (direct latéral 
portai), distal ulnar portai, and accessory retraction portais 
in the anterior joint laterally and medially. 


It is most helpful to mark out bony and soft tissue land- 
marks and the intended portai sites prior to any work being 
done on the elbow; doing so helps make the markings more 
accurate than attempting to mark landmarks that may be 
altered or obscured by fluid extravasation after workhas com- 
menced. In particular, the path of the ulnar nerve is marked 
and the elbow is examined to exclude or note presence of a 
subluxating ulnar nerve. In addition, the radiocapitellar joint, 
latéral and médial épicondyles, olecranon, and intramuscular 
septum are marked, as are the intended portai sites. 

The tourniquet is inflated to 200 or 250 mm Hg after 
élévation of the arm. Regardless of the portai placement, 
the procedure starts with insufflation of the joint with saline 
through the direct latéral portai or at the first portai site 
placed. Typically, 25 to 30 cm 3 of saline is insufflated into the 
joint via an 18-gauge needle and syringe. Appropriate place¬ 
ment into the joint is confirmed by slight extension of the 
elbow as fluid is placed and the joint is distended. Foliowing 
insufflation of the joint, portais may be placed. Order of por¬ 
tai placement dépends in part on the preference and expéri¬ 
ence of the surgeon, and the pathology to be addressed. In 
most cases the authors prefer initial portai placement antero- 
laterally, and then création of an anteromedial portai. The 
antérolatéral portai is the portai that in most cases has the 
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FIGURE 38-2 Operative setup demonstrating the patient in the latéral decubitus position. The arm is draped free such that the elbow is higher than 
the shoulder. (With permission of Mayo Foundation for Medical Education and Research. Ail rights reserved.) 


least margin of safety and is closest to an important named 
neurovascular structure; we prefer creating this portai first 
before fluid extravasation and distension alters palpable 
landmarks. Nevertheless, many surgeons prefer starting 
anteromedially, which is perfectly acceptable. 

ANTEROLATERAL PORTAL 

This portai is placed just anterior to the radiocapitellar joint. 
Care is taken to err somewhat proximally (increasing the 



FIGURE 38-3 The operative setup is demonstrated in this photograph 
documenting freeaccess to the elbow. 


margin of safety) rather than more distally (doser to the 
PIN). A finger is placed on the radial head and radiocapi¬ 
tellar joint, and position is confirmed by forearm rotation 
(Fig. 38-4). A spinal needle or 18-gauge needle and syringe 
are used to localize the joint. It is important to hâve a 3D 
visualization and sense of the joint position; the needle is 
aimed proximally and centrally toward the elbow joint. The 
intra-articular location is confirmed by tactile feel; aspira¬ 
tion and injection of saline should elicit an easy egress of 
fluid and slight passive extension of the elbow with joint 
distension. 

Portais are created in the usual fashion, with skin incised 
only with a #15 blade, and then blunt dissection down 
to the capsule with a hemostat to decrease risk of injury to 
cutaneous nerves. When the capsule is breached, a sudden 
egress of fluid confirms appropriate positioning at the joint. 
A blunt trocar and arthroscopy sheath is then placed at the 
portai site. 

ANTEROMEDIAL PORTAL 

This portai is approximately 1 to 2 cm distal and 1 to 2 cm 
anterior to the médial épicondyle. It goes through the flexor 
pronator mass and has a high margin of safety from neu¬ 
rovascular structures. Typically we make this portai after 
visualizing from the antérolatéral portai and palpating while 
viewing to choose the appropriate portai site. The portai may 
be made from an inside-out technique, by exchanging the 
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FIGURE 38-4 Intraoperative positioning of the patient such that full 
access to the elbow is demonstrated. 


caméra for a blunt trocar and advancing it toward the médial 
skin (Fig. 38-5). A second sheath can then be introduced 
from médial, allowing for this working portai to be used. A 
Wissenger switching stick is often useful as well as visualiza- 
tion is swapped from latéral to médial. 

ACCESSORY ANTERIOR PORTALS 

Accessory portais may be placed anteriorly for retraction. 

Anteromedially, an accessory portai may be placed just 
anterior to the supracondylar r idge and intramuscular septum, 
2 cm superior to the médial épicondyle. 


The antérolatéral accessory portai may be placed 2 cm 
superior to the latéral épicondyle, and just anterior to the 
supracondylar ridge. 

DIRECT LATERAL OR “SOFT SPOT” PORTAL 

This portai is useful to see and treat osteochondral defects. 
It is created through the center of a triangle made between 
the tip of the olecranon, latéral épicondyle, and radial head. 
This palpable “soft spot” is covered by the anconeus, through 
which the trocar must traverse. 


DISTAL ULNAR PORTAL 

This portai is also particularly useful to visualize the pos- 
terior capitellum, commonly affected by osteochondral 
defects. It is created by sliding along the latéral border of the 
ulna toward the elbow joint from a starting point 3 to 4 cm 
distal to the radiocapitellar joint 7 (Figs. 38-6 and 38-7). 

POSTERIOR PORTALS 

Direct Posterior Portai This portai is made 2 to 3 cm above 
the proximal edge of the olecranon. It traverses the thick tri¬ 
ceps and thus requires incision through the skin and triceps 
with the knife blade. A blunt trocar is helpful to abrade the 
posterior humérus and thereby remove posterior olecranon 
fat to help create a visualization space. This is really a poten- 
tial space; thus, it is useful to place the shaver and blindly 
shave at the olecranon fossa to remove tissue and create a 
working and visualization space. This portai is relatively safe 
provided the position of the ulnar nerve is kept in mind. 
After création of a working space, this portai is used most 
for visualization. 



FIGURE 38-5 A. The elbow is insufflated through the antérolatéral 
portai site. B. Following insufflation of the elbow, the antérolatéral por¬ 
tai is made with an incision through the skin only with blunt dissection 
down to the capsule. 
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FIGURE 38-6 The distal ulnar portai allows enhanced visualization 
of the capitellum to address osteochondral lésions. (With permission 
of Mayo Foundation for Medical Education and Research. Ail rights 
reserved.) 


Postérolatéral Portai. This portai is made near level with 
the proximal edge of the olecranon on the postérolatéral 
surface. It is predominantly a working portai, and again has 
a high margin of safety away from named neurovascular 
structures. 

COMPLICATIONS 

Published reports document in jury to ail major peripheral 
nerves about the elbow. In 1 sériés of 473 elbow arthrosco- 
pies, the ulnar nerve was most commonly involved, foliowed 
by the superficial radial nerve, and then the PIN, AIN, and 
médial antebrachial cutaneous nerve. Fortunately, in this 
sériés, ail nerve injuries were transient; however, in other 
reports, nerve in jury has been permanent. 17,26-38 

Nerve injury is more common in the setting of rheu- 
matoid arthritis, in which the capsule is thinned or absent; 
profound preoperative contractures; and the setting of dis- 
torted anatomy. It is likely that neurovascular injuries about 
the elbow are underreported. Certainly, even following 



FIGURE 38-7 These images from intraoperative arthroscopy demonstrate an osteochondral lésion (A). The distal ulnar portai has been used to 
visualize the lésion and a shaver or burr used to remove the lésion (B). Microfracture techniques (C and D) are performed to promote fibrocartilage 
development. 
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FIGURE 38-8 The ulnar nerve may be decompressed arthroscopically, 
as seen in this image. 


careful précautions, the risk of neurovascular injury in 
conjunction with elbow arthroscopy cannot be entirely 
eliminated. 17 

One controversy is the rôle of and need for ulnar 
nerve décompression in the setting of contracture release. 
Certainly, many patients with stiff or arthritic elbows hâve 
concomitant ulnar neuritis. Some suggest need for ulnar 
nerve décompression even in asymptomatic elbows if there 
is an anticipated large restoration of motion or with a certain 
preoperative threshold loss of motion. Little information 
exists regarding the need for ulnar nerve décompression. 
Currently, the authors release the nerve if there are preop¬ 
erative symptoms; 1 of us ( J. E. A.) has a very low threshold 
for ulnar nerve release, performing an open décompression 
if there is to be a substantial improvement in motion; the 
other (S. P. S.) often décompresses the nerve arthroscopi¬ 
cally if needed but has a more wait-and-see approach 
(Fig. 38-8). Future research is likely to provide more than 
level V expert opinion evidence regarding the need for ulnar 
nerve décompression. 

Hétérotopie ossification is believed to be less common 
following elbow arthroscopy than open procedures; how- 
ever, this complication does occur in conjunction with 
elbow arthroscopy. The rôle of, duration, and compliance 
with hétérotopie ossification prophylaxis are uncertain; 
however, we often prescribe indomethacin SR 75 mg daily 
for 6 weeks. 16 ’ 39-41 

Joint space infection is unusual following elbow arthros¬ 
copy; however, persistent drainage from the joint or develop¬ 
ment of fistulae has been more common. 29 


OUTCOMES 

Outcomes following elbow arthroscopy hâve been reported 
in the literature for a variety of conditions. However, no 
sériés to date documents that this procedure is superior 


to open procedures. Rather, elbow arthroscopy should be 
considered as y et another tool to be used for treatment of 
various pathologies. We hâve personal expérience with 
elbow arthroscopy for treatment of hémophilie arthropa- 
thy, rheumatoid arthritis and osteoarthritis, loose body 
excision, osteochondral defects, contracture release, elbow 
instability, tennis elbow release, and fractures. Our expé¬ 
rience suggests an acceptable complication rate and satis- 
factory outcomes. Our largest expérience has been in the 
setting of osteoarthritis of the elbow. 16 In this sériés, we 
described the outcomes following arthroscopic debride- 
ment in 41 patients (42 elbows) with primary osteoar¬ 
thritis of the elbow (Fig. 38-9). Similar to others, we hâve 
documented an increase in range of motion and patient 
satisfaction. 13,42-45 At an average follow-up of 176.3 weeks, 
significant improvements occurred in mean flexion, from 
117.3° preoperatively to 131.6° (P <.0001); extension, from 
21.4° to 8.4° (P <.0001); supination, from 70.7° to 78.6° 
(P = .0056); and Mayo Elbow Performance Index scores 
(P <.0001), with 81% good to excellent results. Pain 
decreased significantly (P <.0001). Complications were rare 
(n = 2) and included hétérotopie ossification and ulnar dys- 
esthesias. Similarly, we recently evaluated our expérience 
with the outcomes of arthroscopic ulnar nerve décompres¬ 
sion at the elbow in a sériés of patients with associated osteo¬ 
arthritis. 46 Thirteen patients ( 15 elbows) with an average âge 
of 51 years (range, 20-75 years) underwent an arthroscopic 
ulnar nerve décompression, osteophyte resection, and 
capsulectomy during the same procedure. At an average 
follow-up of 47 months there were 7 excellent, 5 good, 
1 fair, and 2 poor results using the Dellon classification. 
Three patients with severe compression preoperatively 
underwent reoperation because of persistent or récurrent 
symptoms. Elbow arthroscopy has an emerging rôle in 
acute trauma. We assessed 7 patients who underwent an 
arthroscopic-assisted treatment of a coronoid fracture with 
an average âge of 37 years and an average follow-up of 31.8 
months. 18 The Regan-Morrey fracture types were II {n = 4) 
and III (n = 3), which were treated with an arthroscopic 
réduction and plate fixation (1), screws (2), and threaded 
Steinmann pins (2); 2 fractures were debrided. Three 
patients had immédiate (2) or delayed ( 1 ) latéral ulnar col¬ 
lateral ligament repair. The range of motion averaged 9° to 
133° in flexion-extension and 87°/79° in pronosupination. 
The Mayo Elbow Performance scores were 100 in 5 of 
6 patients (1 unavailable). There was 1 case of hétérotopie 
ossification and 1 delayed ulnar neuropathy. 

Reddy et al did a chart review of 172 patients (184 arthros- 
copies) at an average follow-up of 42.3 months (range, 
7-115 months). 47 Ninety-six patients had posterior impinge- 
ment (51%), 72 had loose bodies, and 32 had degenerative 
joint disease. There were 51 patients (56%) with an excel¬ 
lent surgical resuit, 37 patients (36%) with a good resuit, 
12 patients (11%) with a fair resuit, and 4 patients (4%) with 
a poor resuit. 
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FIGURE38-9 Preoperative (A and B) CT scans ofa38-year-oldman demonstrate osteoarthrosis in this elbow. Intraoperative (CandD) visualization 
of the removal of the impinging bone in the olecranon fossa. 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

History 

There has been a growing interest in the management of 
instability of the elbow, driven primarily by the high demand 
of patients to résumé normal activity after in jury. Since the 
landmark reports by Jobe et al 1 on reconstruction of the 
médial ulnar collateral ligament (MUCL) in baseball players 
and by O’Driscoll et al 2 on postérolatéral rotatory instability 
(PLRI), the management of ligament injuries of the elbow 
has advanced dramatically. 

Reconstruction of the MUCL in athlètes was defined 
by the initial report by Jobe et al, 1 which changed a career- 
ending in jury into one where the majority of players are able 
to résumé their career. Their technique has been modified 
over theyears by Altchek, Conway, ElAttrache, and Andrews, 
along with many others. 3 The so-called Tommy John surgery 
has caught the public imagination with its high-profile suc- 
cess stories. More recently, Smith et al 4 and Richard et al 5 
hâve reported successful results of repair of the ligament in 
younger athlètes who are performing at a high level but who 
do not yet hâve the more severe panligamentous damage 
noted in professional athlètes. 

Basic Science 

In general, the ligaments of the elbow are extracapsular, with an 
abundant blood supply and an excellent healing environment. 
Stability of the elbow is afforded by a combination of these liga¬ 
ments, the bony anatomy, and dynamic muscle contraction. 6 

MUCL 

The anatomy of the MUCL, specifically the origin from the 
distal, latéral aspect of the épicondyle, was first accurately 
described by Callaway et al. 7 Prior to that description it was 


thought to originate more medially, near the tip. This led 
Richard et al 5 and Smith et al 4 to design successful repair 
techniques that more accurately replicated the normal 
anatomy. 

The médial collateral ligament consists of an ante- 
rior and a posterior bundle with a transverse ligament 
in between. 8 The anterior bundle is the primary restraint 
to valgus stress. It originates on the central two-thirds of 
the anteroinferior aspect of the médial humerai épicon¬ 
dyle. The humerai attachment is spread around the base 
of the médial épicondyle across its distal and posterior- 
distal aspects, thus spanning across the site of the flexion- 
extension axis that emerges from the center of the circular 
médial end-face of the trochlea at the distal edge of the 
épicondyle. The anterior bundle inserts at the base of 
the coronoid, on average 18 mm posterior from the tip. 
The width of its origin averages about 10 mm and involves 
67% of the épicondyle in the coronal plane. The mean 
length of the anterior bundle is about 27 mm, with a width 
of 4 to 5 mm. Some studies hâve also shown that the ante¬ 
rior médial collateral ligament can be subdivided into 
anterior and posterior bands. These bands demonstrate 
a different tension in various positions of the elbow, due 
to a cam effect. A central portion that remains isométrie 
throughout elbow movement has also been suggested, and 
can be used as a guide for ligament reconstruction. This 
deep bundle runs from 5 mm anterior to the distal tip of 
the médial épicondyle to the most prominent part of the 
sublime tubercle on the ulna. The posterior bundle of the 
médial collateral ligament inserts slightly posterior to 
the anterior médial collateral ligament and fans out along 
the base of the greater sigmoid notch. It has an average 
width of 8 mm and a thickness of 4 to 8 mm. The function 
of this ligament is to restrain valgus stress, especially dur- 
ing flexion. 

The mechanical properties of the collateral ligaments 
were measured by Regan et al. 9 They found that the anterior 
band of the MCL was the strongest, with a tensile strength of 
261 ± 71 N, while the posterior band had a tensile strength 
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of 159 ± 40 N. The latéral collateral ligament had a t ensile 
strength of 233 ± 116 N. By comparison, the palmaris longus 
tendon strength was 358 ± 88 N and its stiffness was more 
than 6 times greater than the ligaments. 

Morrey and An at the Mayo clinic did multiple studies 
on the function of the MUCL. 10 The most anterior fibers of 
the anterior band of the MUCL are close to being isométrie 
and, the refore, tight throughout the range of elbow flexion- 
extension. Moving posteriorly across the width of the 
MUCL complex, there is an increasing tendency for the lig¬ 
ament fibers to slacken as the elbow is extended; hence, the 
posterior band of the MUCL is only tightened completely 
when it becomes wrapped around the distal aspect of the 
épicondyle beyond 90° of elbow flexion. Morrey and An 
found that the MUCL resisted approximately one-third of 
the valgus stress applied to the elbow when it was extended. 
In addition, they noted that because the anterior joint cap¬ 
sule was tight in this position, it also took one-third of the 
load, with the articular surfaces taking the remainder. As 
the elbow flexed, the MUCL took a larger proportion of the 
load, reaching 54% at 90° flexion. Thus, they felt that the 
MCL was the primary restraint to valgus laxity. Cutting 
the anterior band of the MCL led to 14° of valgus laxity 
at 70° of elbow flexion. At this point, the posterior band 
became tight; if this was also eut, the elbow became unsta- 
ble, with up to 31° of valgus deformity. 

Pronation, axial load, and varus stress are thought to 
cause a fracture of the anteromedial coronoid, with avulsion 
of the latéral collateral ligament at its origin and disruption 
of the posterior bundle of the médial collateral ligament. 
This injury pattern results in posteromedial rotatory insta- 
bility (PMRI). This instability pattern typically occurs after a 
fall on the outstretched hand where the forearm is pronated, 
axially loaded, and undergoes a varus stress. The antero¬ 
medial coronoid fails as the trochlea rotâtes and displaces 
anteriorly, while the latéral collateral ligament fails under 
tension at the latéral épicondyle. The posterior bundle of the 
MCL also tears due to ulnar rotation. Baseball pitchers and 
other high-velocity overhead athlètes may develop acute or 
chronic valgus instability due to rupture or atténuation of the 
anterior bundle of the MCL. 

Radioulnohumeral Ligament (RUHL) 

Four distinct bundles comprise the latéral collateral ligament 
complex: the latéral ulnar collateral ligament, the radial col¬ 
lateral ligament, the annular ligament, and the accessory lat¬ 
éral collateral ligament. It is a key stabilizer for varus stress 
and postérolatéral stability. 

The most important part of the latéral collateral liga¬ 
ment complex is the latéral ulnar collateral ligament, which 
is responsible for the prévention of postérolatéral elbow 
instability. The origin is situated on the center of the latéral 
épicondyle of the humérus, blends with the annular liga¬ 
ment, and inserts onto the tubercle of the supinator crest. 


The radial collateral ligament, which originates at the center 
of the latéral épicondyle, extends to the annular ligament. 
This ligament provides an additional origin for the supinator 
muscle. The radial collateral ligament has an average length 
of 20 mm and a width of 8 mm. 

The annular ligament inserts on the anterior and pos¬ 
terior margins of the radial notch and encircles the radial 
head, binding it to the lesser sigmoid notch of the ulna 
to prevent inferior or latéral subluxation. The collective 
function of the annular ligament and the radial collateral 
ligament is to maintain stability during varus stress and 
postérolatéral directed forces on the elbow. The annular 
ligament, together with the quadrate ligament, also stabi- 
lizes the proximal radioulnar joint. Various components 
of the latéral collateral ligament play a different rôle in 
maintaining stability during varus stress. The anterior and 
posterior parts of the radial collateral ligament are taut in 
extension and flexion, respectively, while the middle part 
is taut in midrange. The latéral ulnar collateral ligament 
is taut in extreme elbow flexion and is tightened further 
with additional varus stress. The interosseous membrane 
between the ulna and the radius prevents divergence 
of the radius or ulna and régulâtes the forces acting on 
these 2 bones. Together with the distal radioulnar joint it 
is a key component in forearm rotation and stability. In 
general, the latéral collateral ligament structures are less 
important for elbow stability than the médial collateral 
ligament complex. Morrey and An found that the trochlea 
was more important than the latéral ligaments for resisting 
varus stresses, contributing 75% at 90° of flexion. As the 
elbow reached full extension, the tightening of the anterior 
capsule caused the soft tissues to become more dominant, 
with the latéral collateral ligaments contributing 14% and 
the anterior capsule 32%. 

The principal clinical problem associated with disruption 
of the latéral ligaments is PLRI. This is associated with the 
radial head subluxing posterior to the capitellum as a resuit 
of translation and rotation of the forearm. 

PLRI has been described as an instability pattern of the 
elbow that results from an incompetent radial ulnohumeral 
ligament complex (RUHLC). 2 O’Driscoll et al found that for 
PLRI to occur the ulna had to supinate 41° out of its artic¬ 
ulation with the trochlea, carrying the head of the radius 
posteriorly while pivoting on the intact médial collateral 
ligament, which resulted in 15° of valgus from the elbow’s 
normal carrying angle. Supination, axial load, and valgus 
stress typically resuit in in jury to the latéral collateral liga¬ 
ment with or without associated radial head and coronoid 
fractures. Dunning et al 11 stated that both the RUHL and 
the radial collateral ligament must be sectioned to achieve 
PLRI. They also stated that they could not visually differ- 
entiate the 2 ligaments at their humerai origin. They could 
only differentiate the RUHL from the RCL by identifying 
the distal extent of the RUHL at the supinator crest of the 
ulna. Seki et al 12 were able to show that sectioning just the 
anterior band of the latéral collateral complex induced 
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instability. This suggests that an intact RUHL alone cannot 
stabilize the elbow. These data demonstrate that the entity 
of PLRI is, in fact, a spectrum of injury. Although origi- 
nally described as a sequelae of an elbow dislocation, these 
anatomie studies and the report by Kalainov and Cohen, 13 
and more recently by Savoie et al, 14 support that there is 
a continuum of in jury between PLRI and frank elbow 
dislocation. 


Examination 

Médial instability is best demonstrated by the moving val- 
gus extension overload (VEO) test described by O’Driscoll, 
who reported it as both sensitive (100% in 17 patients) and 
spécifie (75% in 4 patients). The patient is positioned such 
that the arm is abducted to 90° and is in maximum exter- 
nal rotation. The test is begun with the elbow in maximum 
flexion. The examiner grasps the patients wrist with 1 hand 
and places the other hand to pivot on the latéral aspect of 
the elbow. While applying a valgus stress to the elbow, the 
elbow is moved from full flexion to full extension. Pain on 
the médial side of the elbow between 70° and 120° of elbow 
flexion dénotés a positive test for MUCL pathology. Pain 
with the elbow at 45° is more indicative of a capitellar osteo- 
chondral defect, while pain at terminal extension may indi- 
cate a trochlear chondral defect. It is important to evaluate 
areas of tenderness and range of motion, and also compare 
the elbow side to side for valgus laxity, milk test, and VEO 
test in addition to the moving VEO test. 

VALGUS EXTENSION OVERLOAD TEST 

Some overhead-throwing athlètes with physiological MUCL 
laxity or chronic MUCL insufflciency will develop osteo- 
phytes at the posteromedial olecranon, with pain at termi¬ 
nal extension. To test for VEO syndrome, the elbow is gently 
forced into full extension with a valgus stress. Pain with this 
test or tenderness to palpation over the posteromedial aspect 
of the olecranon dénotés a positive test and may indicate 
symptomatic abutment of osteophytes on the olecranon or 
in the olecranon fossa. 

VALGUS STRESS TEST 

The patient is seated with the shoulder in maximal exter- 
nal rotation to lock the humérus in position, and the elbow 
is placed in 25° to 30° of flexion to unlock the olecranon 
from the olecranon fossa and to relax the anterior capsule. 
The examiner then braces the patients hand and wrist 
between their own arm and chest wall and applies a valgus 
stress to the elbow while palpating the médial ulnohumeral 
joint for increased opening with no definitive end point. A 
soft end point may also indicate an attenuated or incom¬ 
petent ligament. The degree of instability is measured in 


millimeters of ulnohumeral opening and is considered 
positive when greater than 3 mm. 

MILKING MANEUVER 

This test dérivés from a common stretching maneuver done 
by baseball pitchers during warm-ups. The patient begins 
by placing the affected elbow on the antecubital fossa of the 
contralatéral arm and then grasps the thumb of the affected 
extremity with the unaffected extremity. Pulling downward 
on the thumb, with the elbow flexed greater than 90°, créâtes 
a valgus stress, thus loading the MUCL. Pain elicited at the 
médial elbow, with or without appréhension, dénotés a posi¬ 
tive test for MCL in jury. If the patient is not flexible enough 
to perform this unaided, the examiner may re-create the 
same effect by forward elevating and maximally externally 
rotating the arm of the patient and then applying a valgus 
stress to the flexed elbow. A positive test elicits pain at the 
médial elbow. 


HYPERPRONATION TEST 

The elbow is placed in 90° of flexion and the examiner maxi¬ 
mally prônâtes the patients forearm while palpating the 
médial ulnohumeral joint for gapping. This test is best per- 
formed under anesthésia and can be best appreciated with 
fluoroscopie imaging. 

PMRI pattern typically occurs after a fall on the out- 
stretched hand where the forearm is pronated, axially loaded, 
and incurs a varus stress. The anteromedial coronoid fails as 
the trochlea rotâtes and displaces anteriorly, while the latéral 
collateral ligament fails under tension at the latéral épicon¬ 
dyle. The posterior bundle of the MCL also tears due to ulnar 
rotation. Tests for this type of instability include the varus 
stress and the reverse pivot shift test. 

LATERAL PIVOT SHIFT TEST 

Latéral instability is best demonstrated clinically with the 
pivot shift test of the elbow. This test, as first described by 
O’Driscoll et al, in the supine position may elicit gross insta¬ 
bility, pain, and appréhension 2 and is diffîcult to perform in 
the awake patient due to appréhension and guarding. The 
patient is positioned supine on the examination table with 
the shoulder placed in full forward élévation and in full exter- 
nal rotation. The examiner stands at the head of the table, 
grasps the patient’s wrist with 1 hand, and braces the latéral 
aspect of the patient’s elbow with the other hand. Beginning 
with the elbow extended, the examiner fully supinates the 
patient’s forearm, applies an axial load with simultaneous 
valgus stress, and brings the elbow from extension to flexion. 
A positive test occurs when a palpable clunk is generated as 
the radial head reduces from the posteriorly subluxated or 
dislocated position to become reduced on the capitellum. 
Réduction usually occurs as the elbow approaches 40° of 
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flexion. Taking the elbow from a flexed to an extended posi¬ 
tion causes the radial head to subluxate or dislocate posterior 
to the capitellum. A postérolatéral skin dimple may be seen 
while the radial head is dislocated. O’Driscoll subsequently 
modified this test to one in which a positive test is denoted 
by appréhension of this maneuver. This is more easily elicited 
in the awake patient and is one of the most sensitive spécial 
tests for PLRI. 


REVERSE PIVOT SHIFT TEST 

This réduction test is performed in an analogous fashion 
to the latéral pivot shift test. The patient is supine, with the 
affected shoulder in full forward élévation. With the elbow 
in extension, the forearm is pronated and a varus and 
axial load is applied to subluxate the elbow. As the elbow 
is gradually flexed the joint will reduce with an audible 
clunk or grinding sensation from the associated coronoid 
fracture. 

In throwers, one should also evaluate the shoulder and 
trunk stability alongwith hip strength by the 1 leg squat test. 
Radiographs are usually négative, while ultrasound (US) and 
MR arthrograms (MRA) are more definitive in the évalua¬ 
tion of the ligament. In young athlètes (âge <20), it is impor¬ 
tant to détermine the structural status of the ligament to see 
ifthey are a candidate for repair versus reconstruction. 

Two other clinical tests, described by Regan et al, 9 include 
pushing up from an arm chair with the palms facing inward 
and having the patient push up from a prone or wall lean- 
ing position—first with the forearms maximally pronated 
and then repeating the test with the forearms supinated—to 
reproduce the pain and instability the patient is feeling. We 
prefer to examine the elbow with the patient in the prone 
position and use the table as a base to stabilize the humérus. 
We begin by manually trying to rotate the forearm from the 
humérus in 90° of flexion, and then use the wrist to supinate 
and rotate the forearm to reproduce the radial column sub¬ 
luxation away from the humérus. The radial head movement 
on the capitellum is more easily seen and felt in this position, 
and the elbow can be flexed and extended while maintaining 
the subluxation force. 


POSTEROLATERAL DRAWER TEST 

The patient lies supine with the shoulder extended and 
externally rotated. The elbow is flexed to 90° and the exam¬ 
iner grasps the proximal forearm while applying a posteri¬ 
or lydirected force. Subluxation of the radial head and ulna 
dénotés a positive test as these rotate away from the humérus 
and pivot on the MUCL. 

HYPERSUPINATION TEST 

This is easier to perform on the awake patient than the 
latéral pivot shift and postérolatéral drawer tests. Unlike 
the latéral pivot shift test, which is a réduction maneuver, 


this test re-créâtes instability. The patient is positioned 
with the elbow at 90° of flexion. The examiner grasps the 
patients wrist with 1 hand and places the thumb of the 
other hand on the postérolatéral aspect of the radiocapi- 
tellar joint. With hypersupination of the patients forearm, 
the examiner palpâtes for radial head glide, subluxation, 
or dislocation with respect to the capitellum. If instability 
is noted, pronation of the forearm will reduce the radial 
head. A dimple may be seen with subluxation of the radial 
head and, in addition, rotation of the ulna away from the 
latéral épicondyle may occur. The test should be repeated 
at about 45° of elbow flexion if it is equivocal or négative 
at 90°. Performing this test under fluoroscopy will demon- 
strate the instability with postérolatéral subluxation of the 
radial head on the capitellum and associated rotation of 
the ulna away from the trochlea. 


Imaging 

Imaging studies for PLRI can be helpful. Radiographs may 
reveal an avulsion fragment from the posterior humerai lat¬ 
éral épicondyle in acute cases. However, often radiographs 
are normal. A stress radiograph or fluoroscopy while per¬ 
forming the pivot shift test may show the radial head and 
proximal ulna moving together in a subluxed and posterolat- 
erally rotated position. Magnetic résonance imaging (MRI) 
of the elbow has been described to identify a lésion in the 
RUHL. 15 It has been our expérience that MRIs are most 
helpful when contrast is added. This can be either a formai 
arthrogram or, in the case of in-office MRI, an injection of 
20 to 30 cc 3 of stérile normal saline just before the scan that 
can greatly enhance the effectiveness of the test. 

Indications for Surgery 

MEDIAL 

The primary indication for surgery in médial instability is 
the in jury to the ligament in an athlete involved in a throw- 
ing sport who wishes to continue in that sport. Thus, the 
idéal patient is a young athlete, usually âge 12 to 20 for repair 
and 17 to 35 for reconstruction. This ligament is not involved 
in most day-to-day activities, and repair or reconstruction 
is usually not indicated in nonathletic patients. The main 
decision in these patients is that of repair versus reconstruc¬ 
tion. In young patients with proximal or distal avulsion and a 
normal-appearing ligament, repair is préférable over recon¬ 
struction. In most professional athlètes, the ligament is usu¬ 
ally more diffusely damaged and reconstruction with either 
autograft or allograft is préférable. 

LATERAL 

The primary indication for latéral repair is functional 
impair ment of activities of daily living and a failure of 
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nonoperative treatment. The idéal patient would be one 
who sustained a traumatic dislocation, was properly 
treated, and regained motion but is left with shifting of t he 
elbow on supination extension maneuvers without dam¬ 
age to latéral musculature. The usual problem in latéral 
instability is making the proper diagnosis. The more subtle 
findings include a latéral shift/click of the radial head in 
90° of flexion. Latéral radiographs may show a subtle pos- 
terior shift of the radial head on the capitellum. MRA may 
be of use, but requires careful inspection of the ligaments 
in chronic situation. 


Contraindications 

The main contraindications for surgery for instability are 
those commonly noted for any surgical procedure: failure to 
meet appropriate indications, ongoing infections, and a lack 
of training to do the proper operation. 


Surgical Technique 

INSTRUMENTATION 

The main equipment for ail 4 surgeries that will be discussed 
below includes a standard arthroscopy System, with a bridge 
on the arthroscope to allow easy switching between portais, 
18-gauge spinal needles, PDS suture forshuttling, rétrogradé 
suture graspers (we favor the 30° Idéal™ suture retriever 
[DePuy Mitek, Raynham, Massachusetts]), anchors, drill 
bits, and small reamers and small interférence screws for 
supplémentai fixation. A Hewson™ suture retriever (Smith 
& Nephew, Andover, Massachusetts) and small curettes are 
quite useful in most cases. A pump for the arthroscope is 
usually not used but, if used, should be on a very low pressure 
setting in order to minimize swelling and thereby potentially 
complicate the open surgery. 

MUCL Repair 

TULANE TECHNIQUE 

The patient is positioned prone with the arm elevated on a 
small bump. The arthroscope is introduced via a proximal 
anteromedial or proximal antérolatéral portai and a diag¬ 
nostic arthroscopy performed with careful attention for 
capsular damage, associated latéral laxity, and loose bod- 
ies. The inflow is left anterior and the arthroscope placed 
posterior central to evaluate the olecranon fossa and 
posteromedial olecranon tip for impingement and chon- 
dromalacia. Once completed, the shoulder is internally 
rotated and the hand placed on the arm board, allowing 
easy access to the médial elbow. A 3-cm incision is made 
from the tip of the médial épicondyle distally, approxi- 
mately 1 cm anterior to the path of the ulnar nerve in the 



FIGURE 39-1 The incision f or the médial approach begins at the tip of 
the médial épicondyle and extends distally toward the wrist, paralleling 
the fibers of the flexor pronator muscle and 1 cm anterior to the course 
of the ulnar nerve in the forearm. 


forearm (Fig. 39-1). The médial antebrachial cutaneous 
nerve is protected by retracting it anteriorly. The flexor 
pronator fascia is incised just posterior to the médial con- 
joined tendon septum and the interval in the muscle poste¬ 
rior to this vertical band is developed down to the MUCL. 
The ligament is carefully inspected to détermine its areas 
of damage (Fig. 39-2). 

An incision is made along its anterior edge to allow évalu¬ 
ation of the underside of the ligament (Fig. 39-2B). Once 
it has been confirmed that it is normal except for the area 
of tearing, a double-loaded, absorbable anchor is inserted 
into the base of the médial épicondyle at the junction of the 
trochlea and the distal médial épicondyle. The first set of 
sutures is passed in horizontal mattress fashion through the 
ligament just outside the tear site and the second 5 to 8 mm 
distal to the first (Fig. 39-3). The ulnar nerve is quite close 
to the posterior aspect of the ligament, so it should be care¬ 
fully protected during suture passage. The sutures are tied 
in sequence and the elbow cycled to confirm an anatomie 
repair. The flexor pronator muscle is allowed to fall back into 
its normal position and the fascia closed with absorbable 
suture, as is the skin. 

The patient is splinted for the first week and then placed 
into a hinged elbow brace full time for the next 6 weeks. 
Réhabilitation of the scapula is started immediately and pro- 
gressed to shoulder, core, and lower extremity during the 
first 8 weeks in the brace. A return to throw and hit pro- 
gram is initiated in the brace near the 8-week mark, depend- 
ing on shoulder and scapular strength. If there is no pain 
over the médial elbow, the brace is removed at 12 weeks and 
the patient is progressed back into play under PT and ATC 
supervision. 
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FIGURE 39-2 A. The view of the MUCL via a flexor pronator split. B. The underside of the ligament. 


MUCL Reconstruction 

The approach used by Smith et al 16 for MUCL repair is also 
usedforthe reconstruction, but extended slightly both proxi- 
mally and distally (Fig. 39-4). The fascial sheath o ver the ulnar 
nerve is identified and split to allow direct visualization of the 
nerve. Once the ligament is visualized, it is carefully examined. 
The sublime tubercle of the ulna is evaluated for the quality 
and shape of the bone. Either converging drill holes anterior 
and posterior to the tubercle or a single tunnel directly cen- 
tered on the tubercle is made. If the converging tunnels are 
used (classic Jobe technique), we usuallymake 4-mm tunnels. 



FIGURE 39-3 Passing of the dual mattress sutures through the proxi¬ 
mal end of the MUCL tear. 


If a single tunnel is made (Conways DANE technique), then 
it is a single 5-mm tunnel directly through the tubercle, 
tapped to allow a 5.5- or 6-mm screw (Fig. 39-5). The middle 
of the graft is then placed into the tunnels and fixated with 
an absorbable interférence screw. A single 5- or 6-mm tun¬ 
nel is then drilled into the médial épicondyle at the anatomie 
origin site of the MUCL (Fig. 39-6). Connecting drill holes 
are then made from posterior inferior and posterior superior 
to connect to the more posterior aspect of the single tunnel. 
The graft is pulled through the center tunnel, 1 limb out the 
top drill hole and 1 out the bottom. The graft limbs are then 
crossed and sutured to each other (Fig. 39-7). The residual 
ligament is repaired to the graft and the flexor pronator 
fascia repaired as well. 



FIGURE 39-4 The flexor pronator approach of Smith and Altchek to 
the MUCL. 
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FIGURE 39-5 The ulnar tunnels are drilled and the graft passed. 


Réhabilitation for the reconstructed elbow is similar to 
that described for the repair, just much slower due to the 
need for graft incorporation. However, as an extra-articular 
ligament with abundant blood supply, one should expect 
graft incorporation to occur at a rapid rate. Our patients are 
splinted for the first week, and then placed in a hinged elbow 
brace set at 30° to 120° for the next 4 weeks and at full ROM 
for the following 16 weeks. Scapular, core, and leg exercises 
are initiated the first week and progressed with a focus on 
correct scapular positioning during ail activities. Rotator 
cuff exercises are added at week 3 and pain-free elbow 
stretching and exercises at week 4. Usually around week 12, 
throwing and hitting are added while keeping the brace on if 
ail the rest of the body has returned to normal. Most athlètes 
return in 6 months. 

ARTHROSCOPIC LATERAL AND 
POSTEROLATERAL REP AIR 

In the elbow with an acute or chronic avulsion of the RULC, 
arthroscopic repair can be quite effective. The procedure 



FIGURE 39-7 The graft in place for MUCL reconstruction. 


begins with the establishment of a proximal anterior médial 
portai and a diagnostic anterior compartment arthroscopy. 
In the acute setting, it may be necessary to establish a latéral 
portai to clean out the associated hematoma (Fig. 39-8). The 
tearing of the anterior capsule is readily apparent acutely, 
and most often one can also see the damage to the brachialis 
muscle visible through the torn capsule. The main area of 
interest here is to view the annular ligament for damage and 
place a suture in it if necessary. One can also view “around 
the corner” of the proximal capitellum for damage to the col¬ 
lateral ligament part of the RULC (Fig. 39-9). The arthro- 
scope is then placed into the posterior central portai and the 
hematoma in the back of the elbow compartment evacuated 
via a proximal posterior latéral portai. Both of these portais 
need to be relatively proximal to allow for the later repair 
of the ligament, usually at least 3 cm above the olecranon 
tip. A view of the médial gutter will show hemorrhage and 
sometimes tearing of the capsule near the posterior aspect 



FIGURE 39-6 The humerai tunnel is drilled into the condyle and then 
converging tunnels made and the graft passed through the tunnels. 



FIGURE 39-8 Hematoma and tearing of the anterior capsule. 
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FIGURE 39-9 Damage to the latéral capsule from dislocation of the 
elbow. 


FIGURE 39-11 Anchor placement into the posterior aspect of the 
distal latéral épicondyle. 


of the médial épicondyle. The latéral gutter and capsule is 
then evaluated. It is very important to stay close to the ulna 
as the latéral gutter is evaluated and the hematoma debrided 
as the avulsed ligament and bone fragments are displaced 
distally and may inadvertently be removed by the shaver 
(Fig. 39-10). The latéral aspect of the posterior humérus 
should also be lightly debrided and the site of avulsion local- 
ized. It is usually directly latéral and slightly inferior to the 
center of the olecranon fossa. Once the area of damage has 
been defined an arthroscopic anchor may be placed into the 
humérus at the site of origin of the RUHL (Fig. 39-11). The 
limbs of the suture are then retrieved to place 2 horizontal 
mattress sutures through the uninjured part of the liga¬ 
ment. In the case of a bony avulsion, we place 1 set of sutures 
around the bone fragment and the other distal to the frag¬ 
ment (Fig. 39-12A and B). The sutures are tensioned while 



FIGURE 39-10 Damage to the latéral and posterior latéral capsule, 
which is allowing the elbow to gap open. 
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FIGURE 39-12 Sutures through the RUHL prior to tightening: (A) 
arthroscopic view; (B) open view. 
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FIGURE 39-13 Anterior view after RUHL repair showing the properly FIGURE 39-14 The drive-through sign of the elbow, pathognomonic 

restored tension to the annular ligament. of PLRI. 


viewing with the arthroscope, which should hâve the effect 
of pushing it (the arthroscope) out of the latéral gutter. The 
elbow is then extended and the sutures are tied beneath the 
anconeus muscle, tightening the ligament. Motion and sta- 
bility is then evaluated with the arthroscope back in the ante¬ 
rior compartment (Fig. 39-13). 

ARTHROSCOPIC PLICATION 

The development of an arthroscopic technique for the treat- 
ment of chronic PLRI was described by Smith et al in 2001. 4 
Chronic postérolatéral instability is more readily seen dur- 
ing examination under anesthésia and on arthroscopic éval¬ 
uation. While viewing from the proximal anterior médial 
portai, the ulnar and radial head can be seen to subluxate 
posterolaterally during the performance of a pivot shift test. 
In most cases the annular ligament is intact as the entire 
proximal radioulnar joint shifts on the humérus. One com- 
mon finding is the ability to move an arthroscope, placed 
down the postérolatéral gutter from the posterior central 
portai, straight across the ulnohumeral articulation into 
the médial gutter. This maneuver is not possible in a stable 
elbow, and is termed the “drive-through sign of the elbow” 
and is somewhat analogous to the “drive-through sign” in 
shoulder instability (Fig. 39-14). The élimination of the lax- 
ity that allows this maneuver is one of the key aspects of con- 
firming an adéquate arthroscopic reconstruction in patients 
with PLRI. 

The arthroscopic technique for chronic instability has 
2 key features: plication of the 2 major components of the 
complex and then repair of the complex to the humérus. We 
believe both components can be managed via arthroscopic 
techniques if there is enough ligamentous and capsular tis- 
sue. This assessment is in part determined by the preop- 
erative évaluation, including palpation of the structures in 
the area to be reconstructed, the amount of prior surgery, 
and the tissue présent on MRA findings. If adéquate tissue 


is présent, the tissue in the postérolatéral gutter is assessed 
arthroscopically and prepared with a shaver or rasp. Four 
to 7 absorbable sutures are then placed in oblique fashion 
beginning at the most distal extent of the RUHL complex 
attachment to the ulna. The sutures are placed into the lat¬ 
éral gutter via an 18-gauge spinal needle that slides along 
the radial border of the ulna. The first suture is delivered 
into the joint through the midportion of the annular liga¬ 
ment (Fig. 39-15). Subséquent sutures are brought into the 
joint in a progressively more proximal position. Each suture 
is immediately retrieved with a rétrogradé suture retriever 
that passes into the joint from the posterior latéral aspect 
of the latéral épicondyle (Fig. 39-16). It is quite important that 
the rétrogradé retriever cornes under the entire RUHL near 
its proximal attachment to the humérus. The suture should 



FIGURE 39-15 Placement of the spinal needle along the ulna and 
under the annular ligament for suture delivery. 
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FIGURE 39-16 Outside view of rétrogradé retriever being placed into 
the joint posterior to latéral épicondyle at site of origin of the RUHL. 


span the capsule from the ulna to the humérus (Fig. 39-17). 
Once ail the sutures hâve been placed, they are retrieved 
1 at a time percutaneously through the existing skin por¬ 
tais under, or in some cases over, the anconeus muscle and 
pulled to tension the sutures and evaluate the plication. If the 
reconstruction has been properly performed and the tissue 
is adéquate for plication, the arthroscope is driven out of the 
latéral gutter as this tensioning occurs. The arthroscope is 
then removed, the elbow extended, and the sutures are then 
tied individually from distal to proximal. The examination 
under anesthésia is repeated and the arthroscope placed into 
the posterior central and proximal anterior médial portais 
to evaluate adequacy of the reconstruction. If there is lax- 
ity or subluxation still présent after the sutures are preten- 
sioned, an anchor can be placed at the isométrie point of 



FIGURE 39-17 First suture spanning the entire RUHL complex. 


the latéral épicondyle as in the acute repairs and 1 limb of 
suture can pass under ail of the loops of the plication sutures 
to a retriever and then retrieved over the plicated sutures to 
pull the entire plicated complex back to the humérus. This 
is usually noted as part of the preoperative planning and is 
accomplished before the plication sutures are tied. 

REHABILITATION AFTER LATERAL REPAIRS 

In both the acute and chronic cases, the patients are placed 
in a splint or brace with the elbow in approximately -30° 
of extension to relax tension on the repair. Fluoroscopy or 
radiographs should be used to check the réduction after the 
splint is applied, as additional flexion may be necessary to 
tighten the reconstruction and keep the joint reduced. The 
first postoperative visit is usually scheduled within 3 to 5 days 
of the surgery and the patient placed into a hinged elbow 
brace that allows comfortable movement, usually 30° to 45°. 
Shoulder, periscapular, wrist, and hand exercises are initiated 
and allowed as long as they do not produce pain in the elbow. 
The patient is seen at 2-week intervals and the motion slowly 
increased as pain and swelling allows. Once the repair begins 
to mature, usually between 5 and 8 weeks, physical therapy 
is increased to include more aggressive upper extremity and 
core exercises with the elbow brace in place. We expect nor¬ 
mal motion of the elbow by 8 weeks postoperatively, if not 
earlier in the postoperative phase. Depending on individual 
progression, patients are allowed to start strengthening exer¬ 
cises out of brace at 10 to 12 weeks. They must be able to per¬ 
forai ail strengthening exercises pain free in the brace prior 
to progression out of the brace. 

OPEN LATERAL RECONSTRUCTION TECHNIQUE 

The open technique for plication and repair is similar 
to that described by O’Driscoll et al. 2 After a diagnostic 
arthroscopy confirms the instability and the absence of 
associated pathology an extensile postérolatéral approach is 
used and the anconeus muscle split or retracted anteriorly 
to access the RUHL complex. The ligaments are plicated 
and then repaired to the humérus as described in the 
section “Arthroscopic Latéral and Postérolatéral Repair” if 
adéquate tissue is found to allow repair. In révision surgery 
or in patients with inadéquate tissue for repair, a palmaris 
autograft or gracilis allograft may be used to reconstruct 
the joint. The supinator crest of the ulna just posterior 
to the radial neck is dissected free and the insertion site 
identified. A 4- to 6-mm tunnel is created in this spot. A 
Beath pin is drilled from this point out the ulnar side of 
the ulna and used to pull a passing suture out this side of 
the arm. The midportion of the graft is then pulled into the 
ulna and fixed using an interférence screw technique. The 
2 free limbs are then brought superiorly, pulling 1 under 
the annular ligament and 1 over the ligament and attached 
to the isométrie point on the posterior aspect of the latéral 
épicondyle. The graft should be slightly lax in extension 
and tighten with flexion (Fig. 39-18). 


Chapter 39 Arthroscopic and Open Management of Instability of the Elbow 


519 



FIGURE 39-18 Graft being positioned for placement into the humérus. 


Results 

MUCL: Savoie et al 17 reported on the results of repair in a 
sériés of 60 athlètes. Fifty-eight were able to return to 
sport at the same or higher level of play. Cain et al, 18 in the 
largest sériés to date ofover 1200 MUCL reconstructions, 
had an 85% return to the same or higher level of play. 

LUCL: In a sériés of arthroscopic latéral reconstructions, 
Savoie et al 14 performed a PLRI repair, plication, or graft. 
Forty-one patients (20 arthroscopic and 21 open) had 
a combined plication and repair, 10 patients (6 open 
and 4 arthroscopic) had acute or subacute repairs for 
récurrent elbow instability, and 3 patients (ail open) 
were reconstructed with a free tendon graft. Ten of the 
20 arthroscopically treated plication/repair patients and 
11 of 21 open plication/repair patients had the addi¬ 
tion of an anchor to supplément the arthroscopic suture 
plication. 

The average foliow-up was 41 months (range 12-103 months). 
Overall Andrews-Carson scores for ail repairs improved 
from 145 to 180 (P <.0001). 19 Subjective scores improved 
from 57 to 85 (P <.0001) and objective scores improved from 
88 to 95 (P = .008). Subdividing the technique yielded these 
overall results: arthroscopic repairs improved from 146 to 
176 (P = .0001) and open repairs 144 to 182 (P<.001). Acute 
repairs seemed to perform the best, with 9 of 10 return- 
ing to normal activities and 1 to near normal. There was 
no statistical différence between the results of open versus 
arthroscopic repair. 

Conclusions 

MUCL: Both repair and reconstruction hâve shown to 
provide successful results in throwing athlètes. Repair 
should be reserved for avulsion-type injuries in relatively 


younger patients with an otherwise normal ligament. 
Reconstruction, while technically more demanding, has 
been shown to allow a successful return to play at the 
highest levels in a majority of patients. 

RUHL: Both arthroscopic and open treatments hâve been 
shown to provide satisfactory results. The key in either 
technique is an understanding of the anatomy and the 
location of the damage. 
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Elbow Arthroplasty 

Graham JW King, MD, MSc, FRCSC 


Elbow arthroplasty is being increasingly utilized for the 
management of arthritis, fractures, nonunions, osteonecro- 
sis, tumors, and instability. With an aging population and 
improvements in the medical management of rheumatoid 
arthritis, traumatic and posttraumatic conditions are now 
the most frequent indications for elbow arthroplasty. Radial 
head arthroplasty, distal humerai hemiarthroplasty, and total 
elbow arthroplasty are most commonly performed. Recently, 
unicompartmental radiocapitellar arthroplasty Systems hâve 
become available; however, the indications and efficacy of 
these devices hâve not yet been well elucidated. 

RADIAL HEAD ARTHROPLASTY 

Rationale and Basic Science 

The radial head is important for both load transfer and sta- 
bility of the elbow and forearm. Forces across the elbow joint 
may exceed 4 times body weight for certain strenuous activi¬ 
tés. 1 Up to 60% of elbow loads pass across the radiocapitellar 
joint. 2 Excision of the radial head results in not only a loss of 
load transfer across this articulation but also an increase in 
tension in the médial collateral ligament and a concentra¬ 
tion of forces on the latéral aspect of the ulnohumeral joint. 3 
Forces across the ulnohumeral joint hâve been estimated to 
reach 9 times body weight after radial head excision. In the 
setting of a médial collateral ligament in jury the radial head 
is an important secondary valgus stabilizer of the elbow. The 
radial head also resists postérolatéral rotatory instability of 
the elbow by virtue of the concavity of the articulating dish 
of the radial head resisting translation off the more spheri- 
cal capitellum. 4 The radial head tensions the latéral collat¬ 
eral ligament that passes across it. The radial head serves as 
an important axial stabilizer, particularly in t he setting of a 
disrupted interosseous membrane. 5 

Metallic radial head arthroplasty has been shown to 
restore the axial and valgus stability of the forearm and 
elbow. 4 Bipolar radial head arthroplasties are less effective at 
maintaining elbow stability than monopolar implants in the 



setting of concomitant ligament injuries. 6 The tilting action 
of the bipolar head increases the tendency for radiocapitel¬ 
lar joint subluxation relative to that of a monopolar implant 
or the native elbow because of the reduced concavity- 
compression effect of this type of articulation. 7 Metallic 
radial head arthroplasty decreases the joint contact surface 
area on the capitellum and increases the articular cartilage 
contact pressures. 8 These biomechanical alterations may 
resuit in the development of degenerative arthritic changes 
of the capitellum over the longer term. Recently a pyrolytic 
carbon radial head has become available. Its lower stiffness 
relative to a metallic implant has theoretical advantages; 
however, initial expérience with this device resulted in some 
catastrophic failures due to dissociation of the coupling 
mechanism between the head and stem. 9 Further studies 
with this device are needed. 

The optimal fixation method of radial head arthroplasty 
continues to be controversial with some Systems employing 
a smooth stem that permits toggling in the canal and others 
attempting to achieve rigid fixation using cernent or osteo- 
integration of a porous surface. Recent in vitro biomechani¬ 
cal studies hâve shown that larger press-fit stems provide 
sufficient stability to permit osteointegration; however, the 
insertion of these larger stems has resulted in problems such 
as fractures and stress shielding of the radial neck. 7 Loose 
rough stems seem to hâve a higher incidence of symptoms 
than smooth stem devices. 10 Comparative clinical studies are 
needed. 

The anatomy of the native radial head and neck is com- 
plex and variable (Fig. 40-1). The radial head has an elliptical 
shape that is variably offset from the axis of the radial neck. 11 
The articulating concave dish is also somewhat elliptical and 
has a larger radius of curvature than the capitellum, mak- 
ing this articulation only moderately constrained. About 
two-thirds of the margin of the radial head articulâtes with 
the lesser sigmoid notch of the proximal ulna. This portion 
is flattened while the nonarticular portion is more rounded 
and devoid of articular cartilage. The radial head is sur- 
rounded by the annular ligament that blends with the radial 
collateral and latéral ulnar collateral ligaments to form the 
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FIGURE 40-1 The radial head is variably eccentric and is offset from 
the radial neck. The articulating margin is flattened while the portion 
that does not articulate with the radial head is more rounded and often 
nearly devoid of articular cartilage. (Reproduced with permission from 
King GJW. Fractures of the head of the radius. In: Wolfe SW, Hotchkiss 
RN, Pederson WC, Kozin SH, eds. Greeris Operative HandSurgery. 6th 
ed. Philadelphia: Elsevier, Churchill Livingstone; 2011:788 [chapter 21, 
Fig. 21.7]. Copyright Elsevier.) 


latéral collateral ligament, the major varus and postérolatéral 
rotatory stabilizer of the elbow (Fig. 40-2). The blood sup- 
ply of the radial head is provided by both intraosseous and 
extraosseous sources. Fractures of the radial neck disrupt the 
interosseous blood supply and often the extraosseous supply 
that perforâtes through the periosteum at the head and neck 
junction. 12 This results in a propensity for avascular necro- 
sis and nonunion of fractures of the radial neck after open 
réduction and internai fixation. 


Indications 

Radial headarthroplasty is indicated for the management of 
displaced, unrepairable, comminuted fractures of the radial 
head and neck. Radial head arthroplasty is also employed 
for the management of nonunions and malunions or to 
manage elbow or forearm instability following a previous 
radial head resection. Acute radial head excision can be 
considered for comminuted radial head fractures with or 
without an associated ligamentous or osseous injury, but 
it is mandatory in the face of an Essex-Lopresti injury. The 
adverse biomechanical conséquences of radial head exci¬ 
sion, the frequency of occult concomitant ligament inju¬ 
ries, and the high incidence of posttraumatic arthritis in 
long-term outcome studies hâve resulted in an increased 
use of primary radial head arthroplasty for the management 
of comminuted unrepairable fractures. 13,14 Since the inci¬ 
dence of concomitant injuries to the collateral ligaments of 
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FIGURE 40-2 The latéral collateral ligament has 3 components: the annular ligament, the radial collateral ligament, and the latéral ulnar collateral 
ligament. The radial head is surrounded by the annular ligament that stabilizes the radial head within the sigmoid notch. The radial collateral liga¬ 
ment arises from the latéral épicondyle and blends with the annular ligament. The latéral ulnar collateral ligament arises from the latéral épicondyle 
and inserts on the crista supinatoris of the proximal ulna. (Reproduced with permission from King GJW. Fractures of the head of the radius. In: Wolfe 
SW, Hotchkiss RN, Pederson WC, Kozin SH, eds. Greeris Operative H and Surgery. 6th ed. Philadelphia: Elsevier, Churchill Livingstone; 2011:789 
[chapter 21, Fig. 21.9]. Copyright Elsevier.) 
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the elbow or interosseous membrane has exceeded 75% in 
most studies of comminuted radial head fractures, many 
surgeons routinely replace the radial head in ail acute, dis- 
placed fractures that cannot be reliably fixed with open 
réduction and internai fixation. 

The prerequisites for secondary radial head replacement 
are the presence of capitellar bone and cartilage that is suit- 
able to articulate with a prosthesis and a proximal radius that 
aligns or can be made to align with the native capitellum. 
In the setting where the capitellum is too damaged to be 
suitable for placement of a metallic prosthesis, however, an 
implant is required to manage elbow or forearm instability; 
a unicompartmental radiocapitellar joint arthroplasty may 
be considered. The effectiveness and reliability of these new 
devices remain unknown at this time. 15 

Radial head implants can be used at any âge, although 
there is a clear tendency to aggressively preserve the radial 
head in younger patients and to replace the radial head in 
the elderly where osteoporosis and compromised vascular- 
ity make the success of radial head reconstruction less likely. 
The decision as to which radial head fracture requires opér¬ 
ative management is difficult to make on the basis of preop- 
erative imaging; s orne patients who are expected to do well 
with conservative care do not. During surgery the decision 
between open réduction and internai fixation versus exci¬ 
sion with arthroplasty is often challenging as problems with 
fracture healing and fixation failure are not always possible 
to anticipate. Primary radial head excision can be consid¬ 
ered; however, concomitant ligament injures may be sub- 
tle and the late salvage of elbow or forearm instability has 
been less successful than primary repair and radial head 
arthroplasty. The optimal design and material of a radial 
head implant has not been determined. The variability in 
size and shape of a proximal radius makes it difficult for 
“off-the-shelf ” implant to precisely replicate the kinematics 
and contact mechanics of the native radial head. Erosion of 
the capitellum and lesser sigmoid notch may occur when 
using well-fixed monoblock implants that do not optimally 
align with the capitellum. This has resulted in designs that 
favor adaption of the implant to ensure optimal articular 
contact and kinematics of the radial head with the capitel¬ 
lum. This is currently achieved using a smooth, polished 
implant with a slightly undersized stem that can move 
within the radial neck or the use of a bipolar implant that 
accommodâtes by mobility within the polyethylene articu¬ 
lation. 16,17 Modular prostheses are popular as they address 
the mismatch between the size of the medullary canal of the 
radial neck and the radial head and allow the surgeon 
the versatility of choosing the thickness and diameter 
of the implant independently. Eccentric prostheses attempt 
to approximate the anatomie shape of the proximal radius. 
These implants rely on accurate positioning and rigid 
fixation of the stem into the proximal radius to avoid artic¬ 
ular maltracking. Unfortunately, obtaining routine osteoin- 
tegration of uncemented radial stems has been problematic 
clinically. 10 There are no reported randomized clinical trials 
comparing radial implant design concepts. 


Contraindications 

The presence of active infection is an absolute contraindica- 
tion to the use of a radial head implant. A capitellum that 
does not hâve a spherical shape is also an absolute contrain- 
dication to using a radial head arthroplasty without capitellar 
reconstruction. Relative contraindications include the pres¬ 
ence of an open growth plate and patients where t he radial 
neck cannot be made to align with the capitellum; a bipolar 
radial head implant might be possible to use in this situa¬ 
tion if the malalignment is not too severe. The lack of articu¬ 
lar cartilage on the capitellum is a relative contraindication, 
although underlengthening of the radial head or a concomi¬ 
tant interposition arthroplasty to resurface the capitellum 
can be considered while still proceeding with a radial head 
arthroplasty. 

Surgical Technique 

Radial head replacement can be performed with the patient 
supine and the arm placed across the chest with the surgeon 
standing or on a hand table with the surgeon sitting. General 
or régional anesthésia is employed as is routine adminis¬ 
tration of prophylactic antibiotics. A stérile tourniquet is 
applied and inflated. 

A posterior midline or latéral skin incision can be used. 
The posterior midline incision is extensile allowing the 
surgeon to access the médial side of the elbow if required 
to manage concomitant fractures of the coronoid or médial 
collateral ligament. A posterior incision is longer but has a 
reduced chance of injuring cutaneous nerves. 18 A direct lat¬ 
éral incision is shorter and decreases the risk of seromas or 
hematomas relative to a posterior incision (Fig. 40-3). 

The deep surgical approach dépends on the presence of 
concomitant ligamentous injuries. In the setting of a latéral 
collateral ligament in jury with concomitant varus and pos¬ 
térolatéral rotatory instability a Kocher approach between 
the anconeus and extensor carpi ulnaris is preferred. 
Typically a humerai avulsion of the latéral collateral ligament 
and extensor muscles allows for adéquate exposure of the 
radial head for replacement. The annular ligament should be 
divided to adequately visualize the radial head and neck. If 
the latéral collateral ligament is intact, a common extensor 
tendon splitting approach is performed (Fig. 40-4). An inci¬ 
sion is made extending from the latéral épicondyle through 
the common extensor tendon and annular ligament at the 
midaxis of the radial head. The forearm is maintained in 
pronation during latéral surgical approaches to the proximal 
radius to reduce the proximity of the posterior interosseous 
nerve. 19 This incision is turned up the latéral supracondylar 
ridge to detach the radial collateral ligament and extensor 
carpi radialis brevis and longus to allow adéquate exposure 
of the radial head. Posterior dissection should be avoided to 
preserve the attachment of the latéral ulnar collateral liga¬ 
ment on the latéral épicondyle and hence prevent the devel¬ 
opment of varus and postérolatéral rotatory instability. 
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FIGURE 40-3 A posterior or latéral skin incision can be used to approach the radial head. A common extensor tendon splitting approach is preferred 
if the latéral collateral ligament is intact, while the anconeus/extensor carpi ulnaris interval is preferred if the radial head is intact. (Illustration repro- 
duced with permission from Wright Medical Technology, Inc.) 


The précisé surgical technique for radial head replace¬ 
ment dépends on the prosthesis System employed. 
Fragments of the radial head are removed and the radial 
neck is divided at the level of the head-neck junction or 
at the level of the fracture. The diameter and thickness of 
the radial head are selected based on the size of the recon- 
structed excised radial head. The minor diameter of the 
elliptical radial head is chosen as the correct diameter of an 
axisymmetric radial head. The thickness of the prosthesis 


is decided using the height of the excised and reconstructed 
radial head (Fig. 40-5). Since overlengthening of the radius 
has been shown to resuit in capitellar wear and pain, the 
placement of a radial head implant that is too thick should 
be avoided. 20 The latéral ligaments are often incompetent 
in patients with a radial head fracture; therefore, the space 
between the radial head and capitellum should not be used 
to choose the correct thickness of the prosthesis. The radial 
head implant should articulate at the proximal aspect of 



FIGURE 40-4 If the latéral collateral ligament is intact, a common extensor tendon splitting approach is used. The forearm is maintained in pronation 
while dividing the annular and radial collateral ligaments to protect the posterior interosseous nerve. (Illustration reproduced with permission from 
Wright Medical Technology, Inc.) 
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FIGURE40-6 A homan retractor is placed behind the radial neck and 
the proximal radius is delivered laterally to facilitate préparation of the 
radial neck and insertion of the prosthesis. (Image reproduced with 
permission from Wright Medical Technology, Inc.) 



FIGURE 40-5 A. The radial head fragments are assembled on the back 
table. The minor diameter is selected for the optimal implant size as this 
closely replicates the size of the articular dish. B. The thickness of the 
implant is selected based on the height of articular portion of the radial 
head and any involvement of the neck is added to the stem length of 
the implant. (Images reproduced with permission from Wright Medical 
Technology, Inc.) 


the lesser sigmoid notch of the ulna that is about 2 mm dis¬ 
tal to the tip of the coronoid. 21 A fluoroscopie évaluation of 
the elbow should be performed after insertion of the trial 
prosthesis. The médial ulnohumeral joint space should be 
parallel and the ulnar variance equal to that of the opposite 
wrist. 22 The latéral ulnohumeral joint space may be wider 


as a normal variant and should not be used to evaluate 
the correct length of the prosthesis. A contralatéral elbow 
radiograph can be useful in deciding whether previously 
placed radial head prosthesis is overlengthened. 23,24 In the 
setting where a radial head is not available as it has previ¬ 
ously been excised, contralatéral templating of the normal 
elbow should be performed preoperatively. 

In order to facilitate préparation of the radial neck and 
insertion of an assembled modular prosthesis, the radial 
neck is retracted laterally. A homan retractor is placed 
around the posterior aspect of the radial neck and the radius 
is pulled laterally by prying the retractor against the proxi¬ 
mal ulna (Fig. 40-6). Anteriorly based homan retractors 
should not be used due to risk of compression of the pos¬ 
terior interosseous nerve. The medullary canal should be 
prepared using the reamers for the System to be employed. 
In the setting where a smooth stem uncemented implant is 
used, a stem 1 mm smaller than the final reamer is typically 
selected to achieve a nontight fit of the stem. Using trial 
components the congruity of the radial capitellar joint and 
alignment of the elbow and forearm are checked both visu- 
ally and fluoroscopically. Repair of the annular ligament 
is critical to ensure optimal articular tracking of a smooth 
stem monopolar radial head implant as well as for a bipolar 
radial head implant. 

If a common extensor tendon splitting approach was 
utilized, a side-to-side closure of the annular ligament and 
common extensor tendon is performed (Fig. 40-7). The 
extensor carpi radialis longus and brevis and radial collateral 
ligament are reattached to the latéral épicondyle and supra- 
condylar ridge. If the latéral collateral ligament is déficient, 
locking Krackow sutures are placed in the latéral ulnar 
collateral, radial collateral, and annular ligaments as well 
as in the common extensor fascia. These sutures are then 
passed through a drill hole placed at the center of the axis of 
motion of the elbow that can be approximated as the center 
of a circle defined by the curvature of the capitellum. Two 
drill holes are placed posterior to the supracondylar ridge 
and the sutures are tied over the posterior bone bridge after 
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FIGURE 40-7 The annular ligament and common extensor tendon are 
repaired to maintain optimal articular tracking of the radial head. If the 
latéral collateral ligament was detached or injured, it shouldbe repaired 
using transosseous bone tunnels to restore elbow stability. (Illustration 
reproduced with permission from Wright Medical Technology, Inc.) 


appropriate tensioning of the latéral soft tissues. If the pos- 
terior bone is soft, a drill hole should be placed anterior and 
posterior to the supracondylar ridge allowing the sutures to 
be tied over strong cortical bone, thereby avoiding fixation 
failure. The latéral collateral ligament should be tensioned 
carefully when there is a concomitant médial ligament injury 
as the elbow can be pulled into excessive valgus. 25 

When performing a radial head arthroplasty, manage¬ 
ment of concomitant elbow injuries is critical (Fig. 40-8). 
In the setting of a coronoid fracture access to the coronoid 
can be facilitated by radial head excision such that internai 
fixation with sutures or screws can be achieved from a lat¬ 
éral surgical approach. Fractures of the proximal ulna should 
also be stably fixed such as transolecranon or Monteggia 
fracture-dislocations (Fig. 40-9). If a comminuted coronoid 
fracture cannot be fixed through the radial head excision, a 
médial approach should be performed and coronoid repair 
achieved with suture, screw, and/or plate fixation. A médial 
approach should also be performed to repair the médial col¬ 
lateral ligament in the unlikely event that the elbow is s till 
unstable after repairing the coronoid, radial head, and latéral 
collateral ligament. 26 

Complications 

Complications are frequent in patients undergoing radial 
head arthroplasty; however, given the high incidence of 
associated ligamentous and osseous injuries in patients 


with comminuted radial head fractures, a causal relation- 
ship to the prosthesis is often unclear. The most common 
complications of radial head arthroplasty are stiffness, 
osteoarthritis, capitellar érosions, loosening, elbow insta- 
bility, and hétérotopie ossification. 16,17,27 Damage to the pos¬ 
terior interosseous nerve can occur with zealous retraction 
anterior to the radial neck or if the dissection is carried too 
distally. Radial neck fractures can occur with the insertion 
of press-fit prostheses; fixation with cerclage wires may be 
required. 

Radiolucency around smooth stem implants is common; 
however, its presence does not correlate with patients symp- 
toms. 16,28 Stem lucencies are expected given that the stem tog- 
gles within the radial neck. Loosening of press-fit stems has 
been reported and seems to be more commonly associated 
with patients symptoms and may lead to révision or removal 
of these implants 10 (Fig. 40-10). Placement of an overlength- 
ened radial head prosthesis can occur if the gap between the 
capitellum and implant is used to guide the thickness of the 
radial head prosthesis due to the high incidence of concomi¬ 
tant latéral collateral ligament injuries in patients requiring 
a radial head arthroplasty. Overlengthening of the radial 
head prosthesis has been reported to cause capitellar érosion 
and decreased flexion; révision is required. 20 Osteoarthritis 
of the ulnohumeral joint has been common in follow-up 
studies with a higher incidence in patients in whom a radial 
head implant is used to treat chronic posttraumatic elbow 
disorders. 29 


Outcomes 

The results of metallic radial head implants hâve been good 
to excellent in the majority of patients in multiple clinical 
studies. While stiffness is common and pain relief often 
incomplète, the majority of patients undergoing radial 
head implants hâve multiple associated injuries making 
it difficult to détermine the outcome of the prosthesis in 
isolation from that of the associated injuries. The average 
Mayo Elbow Performance Index (MEPI) scores range from 
80 to 90 in the majority of published reports (out of a total 
of 100 points). 

Grewal et al prospectively followed 27 patients treated 
with a modular smooth stem radial head implant. 16 
Functional recovery was achieved by 6 months. The aver¬ 
age MEPI was 83. Twenty-two patients had a good or excel¬ 
lent resuit. Mild osteoarthritis was noted in 19% of patients. 
Fifty percent of their patients had lucencies around the 
stem, but these were nonprogressive and did not correlate 
with residual patient symptoms. Doornberg et al r eviewed 
27 patients at a mean of 3.5 years foliowing smooth stem 
modular radial head replacement. 30 Twenty-two patients 
had a good or excellent resuit; the mean MEPI was 85. The 
average range of motion was from 20° to 131° of flexion, 73° 
of pronation, and 57° of supination. Seventeen patients had 
lucencies around the neck of the prosthesis, but these were 
not associated with pain. 
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FIGURE40-8 A and B. A 54-year-old man with a block to forearm rotation following a fall offabike. Anteroposterior and latéral radiographs demon- 
strate an elbow effusion with an elevated anterior fat pad with a subtle displaced radial head fracture. C and D. CT images demonstrate a comminuted 
radial head fracture with significant displacement. E and E Two-year postoperative radiographs following radial head replacement and repair of a 
latéral collateral ligament in jury diagnosed at surgery. The patient had no pain, full rotation, and a 10° flexion contracture. 


The clinical results of delayed radial head arthroplasty 
for the treatment of radial head nommions, malunions, 
failed open réduction, and internai fixation, and for the 
management of chronic instability hâve been similar to 
that of an acute radial head arthroplasty; however, the inci¬ 
dence of osteoarthritis is higher. At a mean 8-year folio w- 
up, Shore et al reviewed 32 patients treated with a metallic 
radial head arthroplasty for chronic reconstruction. 29 The 
average MEPI was 83; 21 patients had a good or excellent 
resuit. Posttraumatic arthritis was noted in 74%. None of the 
implants required révision. Given the différences in patient 
profile and concomitant injuries in patients undergoing 
acute and chronic radial head reconstruction, it is difficult 
to critically compare the outcome of acute versus delayed 
surgery. 

At a mean 8-year foliow-up of 51 patients with a cemented 
bipolar radial head replacement, Popovic et al reported that 
39 had a good or excellent clinical outcome. 31 However, oste- 
olysis was seen in 37 patients and there were 10 complica¬ 
tions. Zunkiewicz et al reported a mean MEPI of 92 at an 


average of 3 years following a smooth stem bipolar implant. 17 
Osteolysis was not noted as an issue with this device at this 
early follow-up. Flinkkila et al reviewed 37 patients who 
had metallic press-fit prostheses at an average of 4 years. 10 
Early stem loosening occurred in 12 patients and of these 
9 required removal due to pain and progressive osteolysis. 
The average MEPI was 86. Comparative clinical trials are 
needed to compare the outcome of the different prosthesis 
design concepts. 

TOTAL ELBOW ARTHROPLASTY 

Rationale and Basic Science 

The first total elbow arthroplasty was reported by Dee in 
1972. 32 This was a cemented, f ully constrained linked prosthe¬ 
sis that excised the distal humérus condyles. Unfortunately, 
the good early results of these constrained implants were 
not sustained due to a high incidence of aseptie loosening. 33 
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FIGURE 40-9 A and B. A 64-year-old woman with a posterior Monteggia fracture-dislocation following a slip and fall. Anteroposterior and latéral 
radiographs demonstrate radial head and proximal ulnar fractures. C and D. CT images demonstrate a comminuted partial articular radial head and 
proximal ulnar fracture. E and F. One-year postoperative radiographs following radial head replacement andopen réduction and internai Fixation of 
the ulnar shaft. The patient achieved a functional range of motion; however, the ulnar plate was symptomatic and required removal. 
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FIGURE 40-10 A and B. A 24-year-old woman 2 years following a radial head replacement for a comminuted radial head fracture. The patient com- 
plained of both wrist and elbow pain. Anteroposterior and latéral radiographs demonstrate an underlengthened radial head arthroplasty with a gap 
between the implant and radial neck. C. CT confirmed a loose radial stem. D and E. Anteroposterior wrist radiographs demonstrate radial shortening 
of the affected forearm. F and G. Two-year postoperative révision arthroplasty with a smooth stem radial head implant; t he patients wrist and elbow 
pain were minimal. 
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Biomechanical studies subsequently demonstrated that the 
elbow does not hâve a fixed axis of rotation, but rather it 
behaves as a loose hinge whereby the axis normally moves 
during elbow flexion and extension. 34 

A better understanding of the kinematics and stability 
of the normal elbow resulted in the parallel development 
of unlinked resurfacing-type arthroplasties and loose hinge 
linked de vices. Unlinked de vices allow load sharing between 
the prosthesis and the surrounding joint capsule, ligaments, 
and muscles; however, these implants hâve an increased risk 
of instability relative to that of a linked articulation. 35 The 
loose hinge linked implants theoretically dissipate stresses 
across the articulation during elbow motion through the soft 
tissues rather than applying these to the mechanical articula¬ 
tion or stem fixation. 36 

More recently convertible types of elbow arthroplas¬ 
ties hâve been developed that allow the surgeon to choose 
between an unlinked and a linked prosthesis depending 
on the integrity of the surrounding osseous and ligament 
structures of the elbow. Some implants allow for the incor¬ 
poration of a radial head prosthesis that may be important 
in the setting of an unlinked implant to improve stability. 37 
Early attempts to achieve stable prosthesis fixation without a 
humerai or ulnar stem failed and ail commercially available 
devices now are stemmed. Most implants rely on cernent fixa¬ 
tion; however, 1 uncemented humerai component design has 
reliably achieved osteointegration. 38 Smooth stem cemented 
implants hâve a higher incidence of loosening than rough 
stems, possibly due to distraction forces that occur across the 
elbow with certain activities. 39,40 Correct alignment and posi¬ 
tion of the axis of motion is important with respect to restor- 
ing normal motion pathways and humerai stem loading in 
biomechanical studies; however, the importance of prosthe¬ 
sis positioning has yet to be confirmed clinically. 41 

Indications 

The most common indications for a total elbow arthroplasty 
are rheumatoid arthritis, osteoarthritis, comminuted distal 
humerai fractures, distal humerai nonunions, dysfunctional 
instability, osteonecrosis, hémophilie arthropathy, and peri- 
articular elbow tumors. The idéal candidates are low-demand 
elderly patients with either rheumatoid arthritis or an acute 
distal humerai fracture. Total elbow arthroplasty has been 
less successfiil in the management of younger patients with 
posttraumatic arthritis. 

Contraindications 

Active infection is an absolute contraindication for a total elbow 
arthroplasty. Patients who are unwilling to be compliant with 
the postoperative long-term restrictions of an elbow arthro¬ 
plasty should be managed with alternative options. A history 
of prior infection, a suboptimal soft tissue envelope, and a 
nonfunctional hand are relative contraindications. 


Surgical Technique 

The surgical technique will dépend on the elbow arthro¬ 
plasty System to be employed. Elbow arthroplasty is per- 
formed in the supine or latéral decubitus position. Patients 
should receive standard prophylactic intravenous antibiotics. 
A stérile tourniquet should be employed. A posterior mid- 
line incision is placed médial to the tip of the olecranon to 
prevent in jury to longitudinally running cutaneous nerves. 18 
To reduce the incidence of flap necrosis, full-thickness flaps 
are elevated on the deep fascia to optimize skin perfusion. 
The ulnar nerve should be identified and transposed. 

The deep surgical approach to the elbow is at the sur¬ 
geons discrétion. In the setting of distal humerai bone loss 
a paratricipital approach should be employed as it avoids 
detachment of the triceps from the olecranon preserving 
triceps strength. 42 This is particularly useful in patients 
with comminuted distal humerai fractures where adéquate 
access to the proximal ulna can be achieved and elbow 
stiffness is not a problem. The paratricipital approach fol- 
lows the medial-lateral margins of the triceps. In the set¬ 
ting of elbow stiffness and where distal humerai bone stock 
is preserved, detachment of the triceps from the olecranon 
facilitâtes exposure for préparation and insertion of a total 
elbow arthroplasty. The triceps can be elevated from the 
olecranon in a medial-lateral direction (Byan-Morrey) or 
from the latéral to médial direction (extended Kocher). 43,44 
Alternatively, a triceps splitting approach can be employed 
where the triceps is split centrally and elevated both medi- 
ally and laterally off the tip of the olecranon (Fig. 40-11). 
Some surgeons prefer the use of a triceps tongue approach 
where a portion of the triceps is left attached to the olec¬ 
ranon to facilitate later repair. 45 The latéral and médial 
collateral ligaments are sectioned from the humerai épi¬ 
condyles and the posterior capsule and fat pad are excised. 
The elbow is dislocated by hyperflexion allowing the olec¬ 
ranon to move away from the humérus. The anterior cap¬ 
sule is elevated off the anterior aspect of the distal humérus 
to facilitate exposure and allow for placement of a bone 
graft behind the anterior flange of the humerai component 
that is typical of most implant Systems. 

An appropriate sized implant is selected depending on 
the System employed. Using the supplied instrumentation 
bony cuts on the distal humérus, proximal ulna, and proxi¬ 
mal radius (if applicable) are made and trial prostheses are 
inserted. The radial head may be retained in the setting of 
acute fractures or when arthritic involvement is not exten¬ 
sive. A trial réduction is critical to ensure that the implants 
are tracking correctly. If an unlinked implant is planned 
and articular tracking is suboptimal, the implant needs to 
be repositioned. The prerequisites to the use of an unlinked 
implant include the presence of a good triceps and elbow 
flexor mechanism, adéquate collateral ligaments, absence 
of significant preexisting deformity, and restoration of the 
latéral joint reactive forces by either retaining or replacing 
the radial head. When these prerequisites are not met or 
the trial implants are maltracking, a linked implant should 
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FIGURE 40-11 A-C. Triceps splitting approach to the proximal ulna. The skin incision is placed médial to the olecranon tip and an ulnar nerve 
transposition is completed. The triceps is split centrally and elevated medially and laterally off the olecranon. The collateral ligaments are released 
from the médial and latéral épicondyles to allow the elbow to subluxate to access the articulation. (Illustrations reproduced with permission from 
Tornier, Inc.) 


be performed. If the radial head is to be replaced, it should 
track congruously with the capitellum throughout motion; 
if it cannot be made to articulate congruously, a radial 
head component should not be employed. Linked implants 
are used routinely in elderly low-demand patients because 
wear and loosening are less of a concern. 

If the trial réduction of the implant is adéquate, cernent 
restrictors are placed within the humerai, ulnar, and, if appli¬ 
cable, proximal radial canal. The medullarycanals are lavaged 
and dried and antibiotic-containing cernent is injected rétro¬ 
gradé using a cernent gun with a narrow nozzle. The implant 
components are then inserted in the appropriate position 
and orientation. Excess cernent is removed from around the 
arthroplasty prior to the cernent setting. The joint is reduced 
and held still as the cernent sets. A cancellous bone graft is 
placed behind the anterior flange of the humerai component 
where indicated and possible. The linkage mechanism is 
placed if a linked arthroplasty is to be performed. A secure 
repair of the collateral ligaments back to the épicondyles and 
implant is required if an unlinked arthroplasty is employed. 
If the triceps was detached, it should be repaired back to the 
olecranon through drill holes using locking nonabsorbable 
Krackow sutures (Fig. 40-12). The ulnar nerve is secured 
in the anterior subcutaneous transposed location and the 
wound is closed in layers over a hemovac drain. 

Postoperative management dépends on the type of 
arthroplasty performed. If the arthroplasty is linked, the 
elbow is immobilized in near full extension using a bulky 
dressing with an anterior splint. If an unlinked arthroplasty 
is performed, the elbow is immobilized in 70° of flexion 
using an anterior splint to avoid posterior wound pressure. 


Drains are removed 1 day postoperatively and antibiotics are 
administered for 24 hours. After 10 to 14 days depending 
on the patient âge, comorbidities, and quality of their skin, 
the splint is removed and range of motion exercises are com- 
menced if soft tissue healing is secure. 46 

Réhabilitation dépends on whether a linked or unlinked 
arthroplasty has been performed and also on in the integrity 
of the triceps mechanism. In the setting with an unlinked 
implant where the collateral ligaments hâve been reattached, 
a collar and cuff is employed for 6 weeks to protect the col¬ 
lateral ligament repair. Elbow extension should initially be 
limited to 40° and gradually increased until full extension of 
the elbow is achieved by 6 weeks postoperatively. If a linked 
arthroplasty is performed, and no spécifie précautions are 
required, unrestricted active motion can be initiated follow- 
ing removal of the initial splint. If the triceps was detached, 
gravity-assisted extension is performed and full postop¬ 
erative flexion is avoided for 6 weeks until triceps heal¬ 
ing is secure. A nighttime extension splint can be useful in 
patients having difficulty gainingfull extension. Patients are 
advised not to lift more than 2 to 5 kg following a total elbow 
arthroplasty. 46 

Complications 

Complications are common following total elbow arthro¬ 
plasty. Fortunately, as surgeons’ expérience improves and 
with advances in implant and instrument designs, the 
incidence of these complications seems to be decreasing 
over time. Intraoperative complications include cortical 
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FIGURE 40-12 A. The collateral ligaments must be securely repaired back to the médial and latéral épicondyles when an unlinked elbow arthroplasty 
is performed to restore elbow stability. B. The triceps is reattached to the olecranon using transosseous sutures. (Illustrations reproduced with permis¬ 
sion from Tornier, Inc.) 


perforations, fractures, and nerve injuries. Common early 
postoperative complications include delayed wound heal- 
ing, flap necrosis, infection, and triceps insufficiency. If an 
unlinked arthroplasty is performed, acute or subacute insta- 
bility can also occur. Long-term complications include infec¬ 
tion, aseptie loosening, polyethylene wear, stem fractures, 
linkage failure, and periprosthetic fractures. 47,4 * 

Outcomes 

O ver 90% of patients folio wing a linked or unlinked total 
elbow arthroplasty achieve significant pain relief, joint sta¬ 
bility, and functional motion. The outcome of linked and 
unlinked arthroplasties tends to be similar in the literature. 
There are no good comparative clinical trials demonstrating 
whether the theoretical benefit of an unlinked arthroplasty 
has any clinical advantage over a linked device. Patients 
undergoing an unlinked device tend to hâve greater prob- 
lems with postoperative stiffness perhaps due to less bone 
shortening, less soft tissue release, and a tendency for more 
protective postoperative mobilization programs. 

The results of unlinked arthroplasty hâve been more 
variable than linked arthroplasty (Fig. 40-13). Ewald et al 
reported excellent outcomes in 202 patients at an aver¬ 
age of 6-year follow-up following a capitellocondylar total 
elbow arthroplasty. 49 They had a 1.5% incidence of révision 
for postoperative instability and a 1.5% incidence of révi¬ 
sion for aseptie loosening. Seven percent of their patients 
had a wound complication. Other authors hâve reported 
up to a 20% incidence of instability when using this same 
unlinked device suggesting that careful patient sélection 


and surgical technique are essential to achieve a good 
outcome. 50 The Souter-Strathclyde unlinked total elbow 
arthroplasty is more constrained and has had a lower inci¬ 
dence ofproblems with instability; however, humerai loos¬ 
ening, particularly the short stem humerai component, has 
been more problematic. 51 Excellent long-term outcomes 
hâve been reported for the Kudo unlinked total elbow 
arthroplasty. Tanaka et al reported a 100% survivorship of 
the metal-backed ulnar components and a 72% survivor¬ 
ship of elbows with an ail-polyethylene ulnar component 
at an average of 13 years. 38 

The results of linked total elbow arthroplasty in patients 
with rheumatoid arthritis hâve been excellent with Gill a nd 
Morrey reporting 92% survivorship at an average of 10-year 
follow-up 52 (Fig. 40-14). Bushing wear was noted in 15% of 
patients. Similar results hâve been reported in patients fol¬ 
lowing the management of acute distal humerai fractures; 
however, mechanical failure has been more common in 
patients treated for posttraumatic conditions (Fig. 40-15). 
Schneeberger et al reported 11 major complications in 
39 patients treated with a total elbow arthroplasty for post¬ 
traumatic arthritis at an average of 5 years postoperatively. 53 
Five of their patients had ulnar stem fractures and 2 patients 
had problems with major polyethylene bushing wear 
(Fig. 40-16). 

There are limited results available with convertible 
total elbow devices. Bassi et al reported on the short-term 
results of the Acclaim prosthesis. 54 At 3-year follow-up 
clinical loosening was not observed; however, 20% had 
some evidence of loosening radiographically and 2 patients 
had clinical instability that required conversion to a linked 
prosthesis. 
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FIGURE 40-13 A and B. Anteroposterior and latéral radiographs of a 60-year-old woman with j uvenile rheumatoid arthritis. She presented with 
disabling stiffness and pain. C and D. Two years following an unlinked total elbow arthroplasty her elbow was stable and pain free and she regained a 
functional range of motion. Note the need to contour the humerai component during surgery due to the small size of her medullary canals. 








FIGURE 40-14 A and B. Anteroposterior and latéral radiographs of 
a 58-year-old man with long-standing rheumatoid arthritis. C and D. 
One year following a linked total elbow arthroplasty he was pain free 
and he had a functional range of motion. Note the migration of the 
radial cernent restrictor within the medullary canal. 
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FIGURE 40-15 A and B. Anteroposterior and latéral radiographs of a 
74-year-old man with osteoarthritis and severe stiffness. C and D. One 
year following a linked total elbow arthroplasty with a radial head exci¬ 
sion. He was pain free and he regained a functional range of motion. 
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FIGURE 40-16 A and B. Anteroposterior and latéral radiographs of a 65-year-old man with bearing wear and a f ractured 
humerai stem after a fourth révision elbow arthroplasty. Note the cernent migration without the use of cernent restrictors. 
C to E. Two years following allograft reconstruction and a linked total elbow arthroplasty. He had mild pain and a functional 
range of motion. 
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DISTAL HUMERAL 
HEMIARTHROPLASTY 

Rationale and Basic Science 

Distal humerai hemiarthroplasty avoids the need for replace¬ 
ment of the ulna and therefore the need to use polyethylene. 
While hemiarthroplasty of the distal humérus was perf ormed 
as early as 1927, it has only recently become more commonly 
used as de vices specifically designed for this indication hâve 
become available. 

While the concern about polyethylene wear is avoided, 
the articulation of métal on cartilage raises t he possibility of 
degenerative cartilage changes and possible érosion of the 
underlying ulna and radial bones. Theoretically, patients 
undergoing a distal humerai hemiarthroplasty could hâve 
reduced restrictions on their postoperative activity relative to 
the typical 2 to 5 kg that has been recommended for patients 
undergoing total elbow arthroplasty. There is no literature 
evaluating the biomechanical effects of distal humerai hemi¬ 
arthroplasty to date and there are limited anthropométrie 
studies of the distal humérus. 55 


Indications 

The idéal candidate for distal humerai hemiarthroplasty has 
not been defined. The most common indication would be 
a distal humerai fracture, nonunion or avascular necrosis. 
Comminuted coronal shear fractures of the distal humérus 
with preserved épicondyles are a good indication as condy- 
lar reconstruction is not required as is typically the case for 
patients with supracondylar fractures. Patients being con- 
sidered for distal humerai hemiarthroplasty are typically 
younger and more active than patients who would be candi¬ 
dates for a total elbow arthroplasty. 


Contraindications 

Given the limited data on the effectiveness of distal 
humerai hemiarthroplasty, this procedure is contraindi- 
cated in patients who are elderly or low demand where a 
total elbow arthroplasty would be expected to hâve a good 
resuit. Active infection is an absolute contraindication. 
Other absolute contraindications would be the lack of con- 
dylar bone stock and collateral ligaments to allow effective 
restoration of elbow stability foliowing replacement of the 
distal humerai articulation. Relative contraindications are 
preexisting elbow arthritis and patients who are unable or 
unwilling to live within the restrictions of a distal humerai 
hemiarthroplasty. Distal humerai hemiarthroplasty is 
relatively contraindicated in patients who do not hâve an 
intact radial column. In this setting a radial head prosthe- 
sis should be considered to stabilize the elbow and assist in 
load transfer. 


Surgical Technique 

The surgical technique is at the discrétion of the operating 
surgeon and the type of hemiarthroplasty to be perf ormed. 
There is currently no hemiarthroplasty implant that is FDA 
approved in the United States; however, these implants are 
widely available worldwide. Patient préparation and posi- 
tioning is similar to that described previously for total elbow 
arthroplasty. It is important to preserve the integrity of the 
condyles to restore stability after placement of the hemiar¬ 
throplasty. In most distal humerai fractures the condyles and 
épicondyles are fractured in which case the distal humerai 
arthroplasty is inserted using a paratricipital approach. The 
width of the articulation of the ulna and radial head déter¬ 
mines the size of implant to be used. Depth of insertion is 
judged by reassembling one of the condyles if possible. The 
proximal aspect of the olecranon fossa is also a useful land- 
mark as this is at the same location as the anterior flange of 
the humerai component. A trial réduction should be per- 
formed to evaluate soft tissue tension and condylar length 
prior to cementing the definitive implant. The fiat posterior 
portion of the distal humérus is a useful guide for the rota- 
tional positioning of the prosthesis in the setting of fractures 
of the distal humerai condyles; the implant should be inter- 
nally rotated 14° relative to the posterior humerai cortex. 56 
A cernent restrictor is placed in the medullary canal and the 
canal is lavaged and dried. Antibiotic cernent is injected rét¬ 
rogradé using a cernent gun and the prosthesis is inserted 
and held in the appropriate position and orientation until 
the cernent has set. A bone graft is placed behind the ante¬ 
rior flange of the implant. After insertion of the prosthesis 
the épicondyles and condyles are reconstructed using ten¬ 
sion band wiring or plate fixation. Unicortical or bicortical 
screws placed anterior or posterior to the implant stem facili- 
tate secure fixation of supracondylar plates. If the collateral 
ligaments and condyles are intact such as in the setting of 
coronal shear fractures, nonunions, or avascular necrosis, an 
olecranon osteotomy can be used to allow insertion of the 
implant while maintaining the stability of the elbow. Standard 
techniques for olecranon osteotomy fixation are perf ormed, 
either tension band wiring or plate fixation. Accurate posi¬ 
tioning of the distal humerai hemiarthroplasty is critical to 
avoid malarticulation and early implant failure. Implant siz- 
ing is critical to ensure congruous tracking of the implant 
with the ulna and radial head. If stable condylar reconstruc¬ 
tion and ligament stability is not achievable, conversion to a 
linked total elbow arthroplasty is advisable. 

Outcomes 

There are little data available on the outcomes of distal 
humerai hemiarthroplasty. The majority of the studies hâve 
small patient numbers and short-term foliow-up. They often 
include a mixture of clinical indications. The majority of 
patients achieve a functional outcome; however, similar to 
total elbow arthroplasty, complications are not infrequent, 
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FIGURE 40-17 A and B. Anteroposterior and latéral radiographs of a distal humérus fracture in a 69-year-old woman after a low-energy fall. C and 
D. CT shows comminution of the articulation. 


although most are treatable and allow rétention of the arthro- 
plasty. Street and Stevens developed an anatomically shaped 
metallic distal humérus hemiarthroplasty and reported their 
initial expérience with this device in 10 patients. 57 Their 
best results were in patients with posttraumatic conditions. 
The implant was unreliable in patients with rheumatoid and 


hémophilie arthritis. Swoboda and Scott reported that the 
capitellocondylar humerai component, which is not anatom¬ 
ically shaped, could provide reasonable short- term benefit 
in young patients with rheumatoid arthritis, but t he results 
were not as reliable as a total elbow arthroplasty. 58 Adolfsson 
and Nestor son reviewed 8 patients at an average of 4 years 
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FIGURE 40-17 ( Continued) Eand F. Radiographs 2 months postoperative distal humerai hemiarthroplasty with condylar fixation. 


following distal humerai hemiarthroplasty using the Kudo 
humerai component. 59 The clinical outcomes were good 
or excellent; however, érosion of the ulna and radius was 
noted, perhaps because the articulation of the implant does 
not closely replicate the shape of the native distal humérus. 
Burkhart et al reported their expérience in 8 patients with 
an acute distal humerai fracture and 2 patients with a non- 
union at an average of 1 year postoperatively. 60,61 They used 
an anatomically shaped latitude humerai hemiarthroplasty 
(Fig. 40-17). Nine of the patients had a good or excellent 
resuit. Long-term follow-up studies are required to evalu- 
ate the durability of these more anatomically shaped devices 
that are designed to closely replicate the shape of the distal 
humérus articulation. Degenerative cartilage changes and 
osseous érosions remain a concern in the longer term. 
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INTRODUCTION 

Distal biceps rupture usually affects male patients between 
30 and 60, although it can extend from the second to eighth 
decade. 1 The most common présentation involves an explo¬ 
sive eccentric contracture against résistance. It is a rare in jury 
making up 3% to 12% of ail biceps injuries, 2 with an inci¬ 
dence of 1.2 per 100,000 people. 3 Risk factors include male 
gender, smoking, 3 anabolic steroid use, 4 and weight lifting. 2 

BACKGROUND/ETIOLOGY 

Anatomy 

The biceps has 2 bellies. The long head and short head of 
the biceps hâve a defined footprint. 5 The long head passes 
radial to the short head and inserts onto the proximal part of 
the radial tuberosity. The short head inserts distal to this in 
a fan-like pattern. In some patients the tendons of the short 
and long head are independent, but this is rare. 6 Both tendons 
are ensheathed by the biceps aponeurosis (lacertus fibrosus) 
that consists of 3 layers (Fig. 41 A-1). It cornes off the médial 
aspect of the biceps tendon to insert into the subcutaneous 
border of the ulna via the deep fascia of the forearm. 

Siebenlist et al found that the native strength of the cadav- 
eric tendon was 379 N, and presumably the load must be 
higher than this to rupture. 7 

The biceps footprint measures a mean length of 21 mm 
and a width of 7 mm and has footprint of 108 mm 2 . 6 The ten¬ 
don attaches to this posterior rim, and the bursa attaches to 
the remainder of the tuberosity. The apex of the radial tuber¬ 
osity is 65° (range 15°-120°) posterior to the ulnar side of the 
fully supinated radius 8 (Figs. 41A-2 to 41A-4). 

Pathophysiology 

The pathophysiology of distal biceps tendon ruptures is 
unclear. Hypertrophie lipping on the radial tuberosity, radial 


bursitis, and a watershed area of poor arterial supply result- 
ing in local weakness may prédisposé to tears. 9 " 11 

Bilateral cases hâve been reported at a rate of 8%, a mean 
of 4.6 years apart. This is much higher than the background 
incidence, and may suggest an underlying prédisposition. 12 

The tendon most commonly tears at its insertion. Tears 
within the length of the tendon and at the musculotendinous 
junction are rare. 13 Partial-thickness tears are also possible. 14 
The tendon is more likely to retract if the bicipital aponeu¬ 
rosis is also torn. 

Regardless of the predisposing factors, the most common 
mechanism is rapid eccentric loading of the arm in flexion. 

Natural History of Tendon Rupture 

An unrepaired rupture leads to a déficit of 27% in supination 
strength and 47% loss of supination endurance compared with 
the normal contralatéral arm. Flexion strength and endurance 
is decreased by 21%. 15 More recently, Freeman et al found a 
mean 25% réduction in supination strength but only a 7% loss 
of flexion when compared with the normal contralatéral arm. 
The loss of flexion strength was not statistically significant. 16 

PRESENTATION, INVESTIGATION, 

AND TREATMENT OPTIONS 

History 

There is usually a history of a sudden and sharp extension 
load to an elbow flexed at 90° with the biceps in a contracted 
State. This is followed by sharp pain, typically in the ante- 
cubital fossa, but sometimes felt in the postérolatéral elbow. 
There may be an audible “pop.” 1 

Examination 

For se ver al days post in jury, there may be an ecchymosis over 
the antecubital fossa. There is a palpable gap in the biceps 
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FIGURE 41A-1 Distal biceps tendon anatomy. LH, long head; SH, 
short head (Reproduced with permission from Eames et al. 5 ) 


tendon. Tenderness may be elicited over the radial tuberosity. 
There is weakness of supination against résistance. Weakness 
of flexion is less marked as the brachialis compensâtes. 

The signs of a partial rupture are more subtle. There may 
be crepitus or grinding on passive rotation of the forearm 14 
and weakness of resisted supination. A direct tuberosity com¬ 
pression test has been described for aiding the diagnosis of 
partial tears. The examiner palpâtes the latéral aspect of the 
fully supinated radius 2.5 cm distal to the radiocapitellar joint. 
The patient then rotâtes the forearm. If this elicits more pain 
than the normal contralatéral side, the test is positive. 17 

Several clinical tests hâve been described to aid the diag¬ 
nosis of complété rupture. The senior author’spreference is to 
simply perform passive rotation of the patients forearm with 
the elbow flexed to 90° and observe the biceps muscle belly 
compared with the opposite side. If there is no movement, a 
complété rupture is likely. Ruland et al described a “squeeze 
test.” 18 The patient is seated with the elbow flexed to 60° and 
the forearm in slight pronation. The surgeon squeezes the 
muscle belly of biceps with both hands. Forearm supination 
should be observed if the distal biceps is intact. O’Driscoll 
et al described the hook sign. The patient is asked to actively 
supinate and flex the elbow to 90°. The examiner is then able 
to hook their finger under the distal biceps tendon from the 
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FIGURE41 A-2 Distal biceps tendon insertional anatomy. (Reproduced 
with permission from Athwal et al. 6 Copyright © 2007 by the American 
Society for Surgery of the Hand.) 


latéral aspect of the elbow. In the case of a complété rupture 
of the distal biceps tendon, the examiner is unable to satis- 
factorily hook their finger under the tendon. 19 


Imaging 

Plain radiographs are not particularly helpful in the diagno¬ 
sis of distal biceps tendon ruptures. The only finding on an 
x-ray may be irregular changes in the radial tuberosity that 
may prédisposé to a rupture. 20 

Ultrasound has been used to diagnose distal biceps tears. 
A newer technique involving a médial approach through the 
pronator window has resulted in more complété visualiza- 
tion of the ulnarly facing radial tuberosity and distal biceps 
insertion. 21 Dynamic imaging may be helpful in revealing 
partial tears. 22 However, it is less reliable than magnetic réso¬ 
nance imaging (MRI). 

MRI can depict the level of the tear and whether the 
in jury is a partial-thickness tear. A recent study showed a 
100% specificity, but 59.1% sensitivity in detecting partial 
tears. The missed partial tears were reported as having “ten- 
dinopathy” and were ail low grade (<50%). 23 

Giuffre and Moss 22 described an MRI view that allows 
a longitudinal view of the tendon to be obtained in 1 slice 
allowing easier récognition of pathology, the FABS view 
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FIGURE 41A-3 Anatomy of the biceps footprint. (Reproduced with 
permission from Athwal et al. 6 Copyright © 2007 by the American 
Society for Surgery of the Hand.) 


(/lexed, abd ucted, and supinated view). The patient lies 
prone with the shoulder abducted to 180°, the elbow f lexed, 
and the forearm supinated (Fig. 41A-5). 

Biceps tendon endoscopy enables the surgeon to directly 
examine the biceps insertion and is most useful in investi¬ 
gation of partial tears. 24 A longitudinal 2.5-cm incision is 
made over the palpable biceps tendon about 2 cm distal to 
the elbow crease. The latéral cutaneous nerve of the forearm 
is identified and protected. The surgeon uses a digit to pal- 
pate the tendon and the bursa. The bursa is then insufflated 
with normal saline under gravity feed. A small entry point 
is made on the radial side of the bursa to allow access of the 
arthroscope. The tendon can then be visualized to its inser¬ 
tion as well as associated synovitis and bursitis. Dynamic 
assessment of the tendon can be made by pronating and 
supinating the forearm. A hook probe can assist in assess¬ 
ment of the insertion. 


Anterior 

/ 



FIGURE 41A-4 A Faxitron image of a proximal radius demonstrates 
the angular orientation of the bicipital tuberosity (solid red line) and 
the leading and trailing edges of the biceps brachii tendon insertion 
(dashed red lines). The anterior posterior reference (blue) is established 
by a line passing through the center of the radius and a posterior corti¬ 
cal trough marking the midsagittal plane of the radius. (Reproduced 
with permission from Forthman et al. 8 ) 


e 



FIGURE 41A-5 FABS view. (Reproduced with permission from 
Giuffre and Moss. 22 ) 
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TABLE 41 A-l: Classification of Insertional (Zone 3) Distal Biceps Tendon Ruptures 


Grade 

In jury 

Signs 


Treatment 

Grade 0 

Distal biceps tendinosis 

Pain on resisted supination and 
flexion 

E 

Nonoperative 

Grade 1 

Distal biceps tendon partial 
tear 

Pain and weakness on resisted 
supination and flexion 

k 

4 / 

fin 

%' 

Biceps endoscopy 

Grade 2 

Combined short and long 
head avulsion, lacertus intact, 
minimal muscle retraction 

Marked weakness of resisted 
supination and flexion. Positive Hook 
test 

Biceps tendon repair 

Grade 3 

Complété tendon rupture 
with torn lacertus fibrosus and 
muscle retraction 

Marked weakness of resisted 
supination and flexion. Positive Hook 
test. “Empty” cubital fossa 

k 

Biceps tendon repair ± 
lacertus repair 

Grade 4 

Delayed présentation 

Persistent weakness of resisted 
supination and flexion. Positive Hook 
test. Proximal retraction of muscle 
belly 

& 

Autograft or allograft 
reconstruction procedure 


Classification 

Distal biceps injury can be classified according to degree 
(partial or complété), temporally (acute or chronic), or ana- 
tomically where zone 1 is preaponeurotic (musculotendinous 
junction), zone 2 is aponeurotic, and zone 3 is postaponeurotic 
(tendon-bone interface). Most injuries occur in zone 3, and we 
hâve devised a classification for these injuries (Table 41 A-l). 

A n acute rupture présents within 4 weeks of in jury. Within 
4 weeks a direct repair of the tendon is usually possible. A 
reconstructive procedure may be indicated in chronic biceps 
tears (greater than 4 weeks old). 

SURGICAL TECHNIQUES 
AND REHABILITATION 

Partial- thickness Ruptures 

Partial-thickness ruptures of the distal biceps tendon hâve 
a variable prognosis. The patient is advised to avoid heavy 


activity, followed by graduated stretching and strengthening 
exercises. This treatment is more effective in tears of less than 
50% of the tendon, and in patients with lower demands. 1 

Debridement of the distal biceps tendon has limited suc- 
cess. 25 If this fails, the surgeon may consider completing the 
tear, and reattaching the tendon (see the sections “Operative 
Techniques—2 Incision,” “Operative Techniques—Single 
Anterior Incision,” and “Operative Techniques—Chronic 
Biceps Tendon Rupture”). 26,27 

Acute Full-thickness Ruptures 

Acute complété ruptures of the distal biceps tendon usually 
require operative repair. Nonoperative management may be 
considered if the patient has low demands or if there is a high 
surgical risk. 

Operative Techniques—2 Incision 

The 2-incision technique of distal biceps tenodesis was ini- 
tially described by Boyd and Anderson. This was modified 
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by Morrey and became popular due to lower rates of hétéro¬ 
topie ossification and synostosis. 

The anterior approach is through a 3- to 4-cm transverse 
incision over the antecubital fossa. The tendon is secured 
with a grasping stitch. The forearm is then fully supinated 
and a blunt artery forceps is passed abutting the médial bor¬ 
der of the radius through to the dorsolateral aspect of the 
forearm until it visibly tents the skin. It is of utmost impor¬ 
tance that the tip of the forceps passes along the radius only 
and does not breach the periosteum of the ulna to minimize 
the risk of radioulnar synostosis. An incision is made on the 
dorsolateral aspect of the forearm over the tip of the forceps 
and blunt dissection is performed down to the radius. 

The forearm is pronated, placing the posterior interosse- 
ous nerve (PIN) away from the operative field, and bringing 
the radial tuberosity into view. The surface of the tuberosity 
is burred and drill holes made through the tuberosity. Using 
forceps, the sutures attached to the proximal portion of the 
tendon are passed through radius to the dorsolateral wound 
and tied over bone. Aggressive use of lavage may minimize 
the risk of hétérotopie ossification and synostosis. 28 

Operative Techniques—Single Anterior 
Incision 

SURGICAL APPROACH 

Multiple tenodesis techniques exist through a single ante¬ 
rior approach with limited dissection required. Tenodesis 
of the distal biceps tendon using suture anchors, 29,30 
Endobuttons, 31,32 and Biotenodesis interférence screws 33 has 
been described. 

Combinations of cortical button and interférence screw 
fixation hâve good results. 34 Intramedullary Endobuttons 
hâve been utilized, aiming to minimize in jury to the PIN 35 by 
not breaching the posterior cortex of the radius. 

Endoscopically assisted procedures with anchors 36 as well 
as the Endobutton technique hâve been published. 37 

SENIOR AUTHOR’S SURGICAL TECHNIQUE 

The senior author developed the Endobutton technique in 
1994 and has since performed over 150 cases. The greater 
majority returned to full activities. However, we hâve had 
complications including hematoma, infection, PIN palsy, 
and fracture through the burr holes in the proximal radial 
neck. The PIN recovered spontaneously and the radial neck 
fracture healed with internai fixation and bone graft. We 
hâve seen cases of hétérotopie bone, but these are insignifi- 
cant. We hâve not had any major cases of hétérotopie ossifi¬ 
cation and no cases of radioulnar synostosis. 

Based on a number of concepts we hâve made some 
changes to our technique to optimize the anatomie restora- 
tion of the biceps footprint, and therefore flexion and supi¬ 
nation mechanics, in a safe and reliable manner. 

While the short head of the biceps tendon is a stronger 
supinator in most positions, 38 the long head may hâve a 


BT 




FIGURE41A-6 Axial view of the left forearm with the arm in f ull supi¬ 
nation. Note the ulnar position of the biceps tuberosity, making access 
with a drill difficult. 


larger contribution to supination force in the fully supinated 
forearm. 39 We believe that this strength is important particu- 
larly in the power position required for heavy lifting; with 
the elbow at 90° of flexion and full supination. In this posi¬ 
tion the lacertus is tense that passively tightens the biceps 
tendon 5 and increases its strength. It is less important in the 
“précision” position with the hand and forearm in pronation 
when writing, for example. The normal position of the foot¬ 
print is a mean of65° (range 15°-120° from the anterior apex 
ofthe radius) to the ulnar side 8 Placing the repair anterior to 
the footprint does not restore the supination strength. 40 

A single longitudinal anterior incision is made distal to 
the antecubital fossa. The dissection is continued through 
the deep fascia and the proximal portion of the torn tendon 
is retrieved. Two braided number 2 nonabsorbable sutures 
are anchored to the distal biceps tendon using a Bunnell 
stitch. This leaves 4 “trailing” sutures exiting the distal end 
of the tendon. 

The radial tuberosity is exposed with blunt digital dissec¬ 
tion using the tract of the biceps tendon, which is still obvi- 
ous in the acute setting. The forearm is fully supinated and 
right angle retractors used to aid exposure. 

To restore the biceps anatomically the tendon should not 
be attached to the radius from anterior to posterior, but more 
médial to latéral (as the radial tuberosity lies ulnar with the 
arm in full supination) (Fig. 41 A-6). 

However, it is technically difficult to access the ulna/ 
posterior aspect of the radial tuberosity from a single ante¬ 
rior incision. 

The author currently prônâtes the arm approximately 70° 
to place 2 drill holes from the radial cortex starting immedi- 
ately opposite the tuberosity, and drilling toward and through 
the radial tuberosity. The drill is therefore aimed from 
antérolatéral to posteromedial (Fig. 41 A-7). 

The sutures from the distal biceps tendon are passed 
through the holes in an anterograde fashion from tuberos¬ 
ity to opposite cortex using a suture passer. They are then 
threaded through the Endobutton, tensioned, and tied so 
that the button lies against the opposite cortex (Fig. 41A-8). 
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Latéral Médial 

FIGURE 41A-7 Pronation of the arm 70° allows “rétrogradé” drilling 
toward the biceps insertion. 


Postoperative réhabilitation consists of immédiate range 
of motion with no resisted supination of flexion for 6 weeks. 

This technique utilizes a single anterior incision and pro¬ 
vides an anatomie footprint repair that is aimed to improve 
both supination and flexion strength. The drill is aimed away 
from the PIN 31 and the Endobutton is placed under direct 
vision, preventing entrapment of the PIN under the button 
(Fig. 41A-9). It minimizes the risk of synostosis and proxi¬ 
mal radius fracture associated with the large burr holes. 

Multiple studies hâve been performed assessing the bio- 
mechanical properties of these various repair techniques. 
Pullout strength of distal biceps tendon repairs using 
bone tunnels, suture anchors, Biotenodesis screws, and 
Endobuttons was evaluated. 41 The authors found an ulti- 
mate load of 232 N for suture anchors and up to 440 N for 
Endobuttons. None of the Endobuttons failed in cyclic test- 
ing. A systematic review assessing the biomechanical pull¬ 
out strength and complication rates of distal biceps tendon 
repairs showed that the Endobutton technique had a supe- 
rior pullout strength, and that the 2-incision technique for 
repair led to increased loss of forearm rotation compared 
with single anterior incision techniques. 42 The Endobutton 
withstood 2000 cycles at a mean of 166 N before failure. 43 
Rose suggested immédiate réhabilitation could be done with 
a maximum of 900-g weights. 




Latéral Médial 

FIGURE 41A-8 Suture from distal biceps (Bunnell type) passed from 
radial tuberosity to opposite cortex and tied over Endobutton. 


MN 



FIGURE 41A-9 Diagram showing the position of the major nerves 
in relation to the radial tuberosity. MN, médian nerve; PIN, posterior 
interosseous nerve; SRN, superficial radial nerve; UN, ulnar nerve. 

Operative Techniques—Chronic Biceps 
Tendon Rupture 

The management of the chronic distal biceps tendon tear is 
an interesting problem. If the patient has a low demand or if 
there is a high surgical risk, nonoperative treatment should 
be offered (see Table 41A-2). 

Surgery requires a more extensive approach and the sur¬ 
geon needs to be competent in the exposure of the major 
neurovascular structures in the cubital fossa. The bursa to 
radial tuberosity will still be patent, even after some years, 
although the dissection is more difficult. 

The retraction and mobility of the tendon will be quite 
variable. If the lacertus fibrosis is still intact, the tendon can 
usually be directly repaired, although it will be tight and there 
will be a fixed flexion deformity. The senior author releases 
the lacertus from the tendon, repairs the tendon to the tuber¬ 
osity, and lastly repairs the lacertus. This ensures it does not 
deform the line of the tendon, and does not compress the 
médian nerve and the brachial artery beneath the lacertus. It 
is our expérience that even a 70° flexion deformity repaired 
with an Endobutton will correct over the period of about 
1 month, with gentle active mobilization. 


Q TABLE 41A-2: Treatment Options for Chronic 
Biceps Rupture 

Treatment 

Comment 

Nonoperative 

Persistent weakness and fatigue pain 

Primary repair 

Tendon mobilization and repair 

Autograft reconstruction 

Hamstring, 44 FCR, 45 donor-site 
morbidity 

Allograft reconstruction 

Achilles tendon, 49 fascia lata, 48 infection 
risk 
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If the lacertus is torn and the tendon retracts, primary 
repair may not be possible and a tendon graft may be 
required. The muscle is mobilized, using blunt dissection. 
The tendon is teased from the adjacent tissues, which can 
include unraveling the concertinaed tendon, releasing the 
tendon from a bursal cocoon, or releasing an invaginated 
tendon into the muscle substance. Factors that will direct us 
to a tendon graft include tendon retracted into the arm, a 
delay greater than 6 months since injury, a muscle tendon 
unit that cannot be delivered to the elbow skin crease, a ten¬ 
don that is shorter than 5 cm, and failed previous surgery. 

Tendon autograft such as from flexor carpi radialis 45 or 
semitendinosus 46 can be interwoven into the distal part of 
the retracted biceps muscle and distal tendon, and using any 
1 of the aforementioned fixation techniques to repair it to 
the radial tuberosity (Figs. 41 A-10 and 41 A-11). The author’s 
preferred technique is to use a hamstring tendon autograft 
with an Endobutton (Fig. 41 A-12). 

Allograft tendon has also been utilized with success. 47-49 


OUTCOMES 

The outcome of surgical repair for distal biceps tendon rup¬ 
ture is good. The largest reported sériés of distal biceps ten¬ 
don repairs using a single incision technique found that 96% 
were satisfied or ver y satisfied with the outcome of surgical 
repair at an average of 29 months after surgery. 30 The mean 
DASH score was no different from healthy Controls, and the 
range of movement and strength of supination and flexion 
were comparable to the contralatéral limb. Positive work- 
ers compensation status adversely affected the DASH scores 
of the patients. In a sériés of 27 patients Dillon et al found 
the Endobutton gave return of 101% of flexion strength 


and 99% supination strength with no loss of motion. This 
group included patients with a chronic tear that was primar- 
ily repaired without tendon augmentation. 50 Peeters et al 51 
reviewed 26 patients who had a mean of 16-month folio w- 
up. There was a mean flexion strength of 80% and a supina¬ 
tion strength of 91%. 



FIGURE 41A-12 Hamstring autograft woven through the distal 
biceps. (Reproduced with permission from Hallam and Bain. 44 ) 
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COMPLICATIONS 

Reported complications include failure of repair, hétéro¬ 
topie ossification, radioulnar synostosis, nerve palsies, loss 
of motion, weakness, and arterial injury. Complication rates 
are higher for chronic injuries and révisions. The Boyd- 
Anderson approach had the highest rate of synostosis. 

Nerve palsies are usually transient, and involve the latéral 
cutaneous nerve of the forearm, superficial branch of the 
radial nerve, and PIN. Rarely, the médian nerve is involved. 36 
Aggressive retraction can contribute. 

Rarer complications include osteolysis in bioabsorbable 
screw fixation, 52 chronic régional pain syndrome, cold intol¬ 
érance, and cramping. 50 In the sériés of Peeters et al, 3 had 
Endobuttons that did not abut the cortex. One had to be 
removed. They did not use x-rays intraoperatively. 51 We use 
this routinely and recommend it to check the position of the 
Endobutton. 
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RATIONALE AND BASIC SCIENCE 
Introduction 

Distal triceps tendon ruptures are rare. They account for less 
than 1% of ail tendon injuries. 1 Due to the low incidence few 
clinical trials hâve been published, and the literature consists 
largely of case sériés. 

Distal triceps tendon ruptures hâve a more even preva- 
lence between genders when compared with biceps ruptures; 
however, males are still more commonly affected with a ratio 
of 3:2. The mean âge is 33 years (range from 7 to 80 years). 2 
Three major etiological groups hâve been reported: acute 
traumatic failure of a normal tendon due to excessive loads 
such as those encountered in body building 3 and American 
Football 4 ; second, a pathological group where the tendon- 
bone interface is weakened; lastly, an iatrogénie group, 
largely after elbow arthroplasty. 

Background/Etiology 

ANATOMY 

The triceps has 3 heads. The long head arises from the 
infraglenoid tubercle. The latéral head arises from the pos- 
terior surface of the humérus from a linear origin extending 
from the surgical neck to the deltoid origin, and lies latéral 
to the long head. These 2 heads converge distally to form a 
fused fiat tendon that inserts into the posterior part of the 
proximal end of the olecranon. The médial head originates 
médial to the radial groove and the latéral head. The origin 
then widens to include the posterior surface of the humérus 
as it runs distally, including each intermuscular septum. It 
lies deep to the long and latéral heads. A fourth head of the 
triceps muscle has also been described in rare cases. 5 

The long and latéral heads give rise to a conjoined super- 
ficial tendon that inserts onto the olecranon. The super- 
ficial fibers continue as the triceps expand and insert into 


the posterior crest of the ulna medially and the fascia of 
the extensor carpi ulnaris laterally. The deeper médial head 
remains muscular more distally until close to the insertion 
where it gives rise to a deep separate tendon that inserts in 
part to the olecranon, in part to the flattened fused tendon of 
the long and latéral heads, and in part to the posterior aspect 
of the elbow joint capsule, preventing impingement of the 
capsule on extension of the elbow. The mean tendon width 
is 30.56 mm. 6 

The bony footprint on the olecranon has a fiat dis¬ 
tal insertion, whereas the proximal aspect is dôme shaped 
(Fig. 41B-1). It is 20.9 mm wide and 13.4 mm long and the 
proximal border is 14.8 mm from the olecranon tip. 7 

PATHOPH Y SIOLOG Y 

The most common site of triceps tears is at the insertion of 
the tendon with or without a bony avulsion (Fig. 41B-2). It is 
rare for the tendon to tear at the musculotendinous junction 9 
or within the muscle belly. 10 The patient may also hâve asso- 
ciated fractures of the radial head 11 or distal radius. 12 

Distal triceps tendon ruptures can be categorized into 
3 etiological groups. The acute traumatic group incorpo¬ 
râtes healthy individuals (typically athlètes) with normal 
tissues in whom the cause is a single épisode of trauma. This 
typically occurs during a large eccentric contraction. The 
sudden décélération causes the triceps muscle to avulse its 
distal attachment from the olecranon of the ulna, occasion- 
ally taking a small piece of bone with it. 13 

The second pathological group has preexisting pathology 
weakening the tendon or the bone. The tendon can com¬ 
monly be damaged foliowing local steroid injection, 14 ana- 
bolic steroids, 15 or infection. The bone may be weakened by 
hyperparathyroidism, 16 rénal osteodystrophy, 17 or osteogen- 
esis imperfecta. 18 In these patients the forces causing rupture 
may be within normal physiological limits. 

The third is the iatrogénie group in whom the triceps 
tendon has failed folio wing surgical mobilization. This has 
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FIGURE 41B-1 Footprint of the triceps tendon insertion on a cadav- 
eric olecranon. The border of the triceps tendon insertion has been 
highlighted showing the dome-shaped appearance. (Reproduced with 
permission from Keener et al. 7 Copyright Elsevier.) 


been reported in 2% to 11% of cases following total elbow 
arthroplasty. 19-21 


FIGURE 41B-2 3D reconstruction of the posterior aspect of the elbow 
demonstrating a complété tear of the conjoined long and latéral part 
of the tendon that is retracted to reveal an intact médial head inser¬ 
tion (*). The anconeus (A) is also demonstrated. (Courtesy Dr. Michael 
Stadnick.) 


Présentation, Investigation, 
and Treatment Options 

Since rupture may be partial or complété and may coexist 
with other injuries, its diagnosis is frequently missed. 22 

HISTORY 

For acute injuries the typical history is of a fall onto an out- 
stretchedhand, often during sports. The patient may describe 
an extending elbow that has been forced into flexion during 
the fall. The patient will complain of pain and swelling at the 
insertion site of the triceps. Direct trauma to the extensor 
surface of the arm has also been reported, although this is 
much less common. 

In the pathological group the patient is likely t o hâve had 
prodromal symptoms of elbow pain and may hâve sought 
treatment for this prior to tendon rupture. The mechanism 
is low energy. 

The iatrogénie group will présent following a procedure 
that required mobilization of the extensor mechanism and 
will not typically report an acute trauma. These patients may 
not be aware of their triceps weakness in the postoperative 
period because they utilize gravity-assisted extension. 

AU groups will hâve functional limitations such as altered 
ability to push up from a chair or transfer from bed. Overhead 
activities may also be affected. 

EXAMINATION 

Examination will reveal swelling and tenderness over the 
triceps insertion. A palpable defect may be felt. The patient 


will exhibit weakness of elbow extension; however, in s orne 
patients there can be a functional strength due to an intact 
triceps expansion. It is important to assess extension by the 
examiner holding the arm extended overhead, and release 
it and ask the patient to actively extend their elbow against 
gravity and then against the examiner’s power. It should then 
be compared with the opposite limb. In chronic distal triceps 
rupture extensor lag of up to 30° may be présent. 

IMAGING 

Plain radiographs should be performed to exclude avul¬ 
sion fracture of the olecranon that is suggestive of a tendon 
rupture. While ultrasound can identify partial and com¬ 
plété ruptures, 23 magnetic résonance imaging (MRI) is the 
authors’ preferred investigation. It can distinguish between 
partial- and full-thickness tear s and demonstrate retraction 
(Fig. 41B-3), which may aid operative planning. 24 

Natural History of Triceps Tendon Rupture 

Full-thickness ruptures wül perform poorly with nonopera- 
tive management. 25 The triceps muscle is the major elbow 
extensor (anconeus provides only minimal extension), and 
loss may lead to extension weakness. 26 

INDICATIONS FOR SURGERY 

The main indication for surgery is a full-thickness tear with 
weakness that adversely affects the patients functional level. 
The authors recommend surgery unless there is high risk 
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FIGURE 41B-3 MRI scan of posterior component of the distal triceps 
tendon that is completely avulsed and retracted (red arrow). The ante- 
rior or deep component of the distal triceps remains intact (T). Note the 
exposed surface of the olecranon from which the posterior component 
has been avulsed (red line) and the remaining intact attachment of the 
primarily muscular anterior component (green line). The posterior fat 
pad (F) is also identified (red arrowhead) and is found posterior to the 
olecranon. (Reproducedwith permission from Bodor. 8 ) 


of complications or low demand for functional triceps use. 
It is important to assess the stage of injury when deciding 
what type of surgical intervention is indicated (Table 41 B-1). 
Acute ruptures are classified as injuries that occurred less 
than 3 weeks prior. Early surgical repair constantly provides 
good functional outcomes. 22 

Partial tears of the distal triceps tendon may be treated 
nonoperatively. A study of National Football League play¬ 
ers reported good outcomes in 6 patients treated nonopera¬ 
tively for partial tendon rupture. 4 These authors recommend 


Q TABLE 41B-1: OverView of Management for 
Triceps Tendon Ruptures 


Type of Tear 

Recommended Management 

Full-thickness tear 

Acute 

Surgical repair 

Chronic 

Surgical repair or reconstruction 

Iatrogénie 

Surgical repair or reconstruction 

Pathological 

Surgical reconstruction 

Partial-thickness tear 

Acute 

Conservative management 

Chronic 

Conservative management 


nonoperative treatment if the tear in volves up to 75% of the 
triceps tendon. 

SURGICAL TECHNIQUE 

Surgical Techniques—Acute Full-thickness 
Ruptures (Repair) 

The patient is placed in a latéral position with the affected 
arm placed over a bolster. A midline incision and direct 
posterior approach is used to dissect down to the triceps 
muscle. The tendon and footprint are debrided. The ten¬ 
don may be found to be retracted into the muscle belly. The 
tendon is extracted and a heavy nonabsorbable suture such 
as 5 Ethibond or FiberWire is passed through the proximal 
portion of the tendon with a grasping suture (eg, a Krakow 
suture). Two transverse holes are drilled in the olecra¬ 
non, and the suture is passed through and tied pulling the 
end of the tendon down and affixing it to the olecranon 
(Fig. 41B-4). The senior author uses tensionable rotator cuff 
anchors. These allow solid fixation with correct tensioning. 
Others hâve utilized “transosseus-équivalent” double-row 
constructs that accurately restore the triceps “footprint” and 
hâve reported good biomechanical results 6 (see Fig. 41 B-5). 

If there is an avulsion fracture attached to the tendon, it 
may be possible to augment the repair with internai fixation 
of the avulsion fracture with a screw and washer. This repair 
technique is effective if the in jury is treated early (within 
3 weeks). 25 



FIGURE 41B-4 Démonstration of triceps tendon fixation to the 
olecranon via a suture passed through 2 transverse holes drilled in the 
olecranon. (Reproduced with permission from van Riet et al. 25 ) 
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FIGURE 41B-5 Illustration of triceps repair using double-row 
constructs. (Reproduced with permission from Yeh et al. 6 Copyright 
Sage Publications.) 


Surgical Techniques—Chronic Full-thickness 
Tears (Reconstruction) 

If operative treatment is delayed, retraction of the tendon 
into the muscle belly and subséquent scarring can make 
this a difficult entity to treat operatively. The same posterior 
approach is used, and the extentof retraction is assessed. The 
ruptured tendon is mobilized distally. If primary repair can 
be performed, this is préférable. 

If the retraction is moderate, an anconeus slide may be 
performed. The distal portion of the anconeus is detached 
and reattached to the olecranon. The retracted triceps ten¬ 
don is sutured to the médial border of the proximal portion 
of anconeus, effectively using anconeus as an augmentation 
to bridge the déficient length of triceps (Fig. 41 B-6). 

More se ver e deficiencies of the triceps tendon may notbe 
easily augmented with an anconeus slide. Tendon augmenta¬ 
tion is used in this situation and is interwoven through the 
proximal portion of the ruptured triceps tendon (Fig. 41B-7). 
This is fixed to the olecranon, bridging the gap between the 
torn tendon and the olecranon. The senior author’s prefer- 
ence is to use a gracilis tendon autograft weaved in a Bunnell- 
type pattern and fixed through oblique drill holes in the ulna. 

An alternative technique is to use an Achilles tendon 
allograft, with a small piece of calcanéum still attached. 
The piece of calcanéum is trimmed and internally fixed to 
the proximal tip of the olecranon with a screw. The elbow 



FIGURE 41B-6 Chronic full-thickness tear repair involving suture of 
the retracted triceps tendon to the anconeus muscle. 


is flexed to 20° to 30° and the triceps muscle is mobilized 
distally as far as possible. The Achilles tendon is then sutured 
to the triceps tendon, augmenting it for the déficient length. 
The strength of this repair can be further improved by pull- 
ing the Achilles fascia proximally and suturing it to the 
médial and latéral margins of the triceps muscle belly. 27 

Arthroscopic Repair 

An arthroscopic technique for repair of isolated avulsions of 
the médial head of the triceps tendon has been described by 
Athwal et al. 28 For this procedure the patient is placed in the 
latéral decubitus position with the elbow flexed over a bolster. 
A posterior central portai is made to visualize the olecranon 
fossa. The arthroscope is then placed through a proximal 
postérolatéral port with the resector inserted via a postera - 
central port (Fig. 41B-8). The posterior capsular insertion 
on the olecranon is excised that allows the médial head of 
the triceps tendon to be identified superiorly. The free head 
of the tendon is mobilized and debrided, and a ratcheted 
grasper placed through a distal postérolatéral working port 
and used to grasp the free tendon head and assess mobil- 
ity with a trial réduction. Two double-loaded 5-mm metal- 
lic suture anchors are placed into the insertional footprint 
on the olecranon (Figs. 41B-9 and 41B-10). A suture shuttle 
is then passed percutaneously through an 18-gauge spinal 
needle to pass the sutures through the intact portion of the 
triceps and the reduced médial head of tendon. This step 
is repeated to pass ail limbs of the double-loaded anchors, 
creating a horizontal mattress stitch on the subcutaneous 
border of the triceps. Finally the sutures are tied to reduce 
the tear to its footprint (Fig. 41B-11). 



Chapter 41B Tendon Repairs About the Elbow—Part B: Triceps Tendon Rupture 


555 



2 oblique drill- 

holes from corner 
Interférence Fit 
screws 


Oblique drill - 
hole from 
footprint to 
opposite side 



ri 


Olecranon 


FIGURE 41B-7 Hamstring tendon augmentation for chronic triceps tendon repair. 




FIGURE 41B-8 Illustration of port placement for arthroscopic repair 
of ruptured triceps tendon. (Reproduced with permission from Athwal 
et al. 28 Copyright Elsevier.) 


FIGURE 41B-9 Image intensifier showing the anchor placement. 
(Reproduced with permission from Athwal et al. 28 Copyright Elsevier.) 



FIGURE 41B-10 The debrided footprint and anchor. (Reproduced 
with permission from Athwal et al. 28 Copyright Elsevier.) 
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FIGURE 41 B-11 X-ray showing the final anchor position in a patient 
who also had a bicep tendon repair. (Reproduced with permission from 
Athwal et al. 28 Copyright Elsevier.) 


REHABILITATION AND OUTCOMES 

There is no clear consensus on réhabilitation following 
operative treatment of distal triceps repair or reconstruction. 
Comparison of early mobilization, cast immobilization, and 
mobilization in a hinged brace found no significant effect 
of the réhabilitation régime on retear rates. 25 The quality of 
tendon and bone, and the strength of the repair and recon¬ 
struction are factors to consider. The authors favor immo¬ 
bilization in extension for 4 weeks with resisted extension 
introduced after 3 months. 

There are few large studies on triceps tendon repairs. 
The outcome of surgical intervention dépends on the eti- 
ology. Acute traumatic injuries hâve a favorable outcome. 
Mair et al identifîed 21 partial and complété triceps tendon 
ruptures in 19 professional football players in the United 
States. 4 Seven players had prodromal symptoms prior to 
in jury, and 5 had received a cortisone injection. Eleven play¬ 
ers with complété tears underwent surgical repair. Of the 
10 players with partial tears, 6 healed without surgery. One 
patient completed the tear and required surgery. Three had 
residual pain and weakness and underwent surgical repair 
in the post season. Except for 1 patient, ail of the players 


were able to return to play, van Riet et al reviewed the results 
of 23 tendon repairs. Thirteen patients returned for exami¬ 
nation and 6 responded to a phone questionnaire. 25 Eight 
patients had a complété rupture, whereas 15 were partial 
tears. There were 14 primary repairs (with 3 reruptures) 
and 9 reconstructive procedures. At an average follow-up 
of 93 months (range, 7-264 months), elbow motion aver- 
aged 10° to 136°. Triceps strength was noted to be 4/5 or 5/5 
in the 13 patients who were examined. Isokinetic testing of 
10 patients showed that average peak strength was 82% of 
that of the untreated extremity. The results after repair and 
reconstruction were comparable, but the patients’ recov- 
ery was slower after reconstruction. Bava et al reviewed 
5 patients with a mean âge of 47 years (range, 35-54 years) 
who underwent a suture anchor repair following a traumatic 
tendon rupture. 29 At a mean follow-up of 32 months the 
mean DASH score was 1.4, the mean American Shoulder 
and Elbow Surgeons elbow score was 99.2, the mean Mayo 
Elbow Performance Index was 95.8, the mean Oxford Elbow 
Score for pain was 98.8, the mean Oxford Elbow Score for 
function was 100, and the mean Oxford Elbow Score for the 
social domain was 96.2. 

Celli et al reviewed the charts of 14 patients (16 elbow 
arthroplasties) with a mean âge of 54 years, who required 
reconstruction for a triceps tendon insufficiency following 
a total elbow arthroplasty. 21 The procedures included direct 
suture in 7 elbows, anconeus rotation in 4, and an Achilles 
tendon allograft in 4. At a mean follow-up of 67 months, 
15/16 could extend against gravity. Eleven patients had an 
excellent outcome, 3 had a good outcome, and 2 were clas- 
sified as failures using the Mayo Elbow Performance Score. 

SNAPPING TRICEPS SYNDROME 

Rationale and Basic Science 

INTRODUCTION 

Another relatively rare condition that can affect the elbow 
is snapping triceps syndrome. This is a dynamic condition 
where the distal tendon of the triceps muscle dislocates (or 
“snaps”) over the médial épicondyle of the elbow during flex¬ 
ion, or extension from a flexed position. 

Individuals with snapping triceps expérience localized 
tenderness and a snapping sensation over the médial aspect 
of the elbow. The condition usually coexists with ulnar nerve 
instability. The patient will often présent with cubital tunnel 
syndrome in addition to the localized elbow symptoms. 

ANATOMY AND PREDISPOSING FACTORS 

In snapping triceps the position of the musculotendinous 
junction of the médial triceps head is of particular inter¬ 
est. The more distal the musculotendinous transition, the 
smaller the distance between the médial épicondyle and the 
médial edge of the triceps tendon, meaning the tendon can 
more easily pass over the médial épicondyle and dislocate. 30 
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FIGURE 41B-12 A. Ulnar nerve and médial triceps head posterior to the médial épicondyle with the arm f ully extended. B. At 70° to 90° the ulnar 
nerve dislocates. C. At approximately 115° the médial head dislocates. (Reproduced with permission from Spinner and Goldner. 33 Copyright Wolters 
Kluwer Health.) 


A distal musculotendinous junction along with other struc¬ 
tural features such as varus malalignment of the humérus, 31 
hypoplasia of the médial épicondyle, and hypertrophy of the 
distal triceps muscle belly has also been implicated as a caus- 
ative factor for snapping triceps. 32 

When the elbow is flexed, the distal triceps tendon is 
compressed against distal humérus that causes the tendon to 
flatten out. 30 Instead of the tendon sliding latéral to the épi¬ 
condyle, this flattening out combined with the predisposing 
factors described previously allows the tendon to dislocate 
over the médial épicondyle. 

PRESENTATION AND INVESTIGATION 

Patients hâve pain over the médial aspect of the elbow that 
is accompanied by snapping and ulnar nerve paresthesia. 
Because snapping triceps usually coexists with ulnar nerve 
dislocation, patients may expérience 2 separate palpable 
and audible snaps. The ulnar nerve is the first to dislo¬ 
cate at approximately 70° to 90° of elbow flexion followed 
by snapping of the triceps tendon at approximately 115° 
(Fig. 41B-12). 33 The symptoms are exacerbated during activi¬ 
tés such as push-ups that require resisted elbow flexion or 
extension from a flexed position. 

Examination may reveal 2 distinct snaps as described ear- 
lier with pain over médial elbow on palpation. 33 A case sériés 
publication of 17 patients (22 elbows) with snapping triceps 
found that snapping triceps and concurrent ulnar nerve dis¬ 
location were présent in ail 22 elbows. 34 

When the condition is suspected clinically, MRI per- 
formed with the elbow fully extended and fully flexed 
or dynamic ultrasonography may show the snapping 


structures. 35 The authors recommend using an experienced 
sonographer as the condition is rare. 

Management and Indications for Surgery 

The initial step in addressing this syndrome is conservative 
management that includes advice to avoid aggravating activ¬ 
ités in addition to the use of nonsteroidal anti-inflammatory 
médications, physiotherapy, and splinting of the elbow. 30 If 
symptoms persist after a 3- to 6-month trial of nonoperative 
therapy, surgical intervention is indicated. 

Surgical Treatment 

Surgical intervention gives the opportunity to address the 
related problems of snapping triceps and ulnar nerve dislo¬ 
cation. The snapping triceps can be addressed via 2 meth- 
ods. The most common method is to resect the portion of 
the triceps tendon that dislocates over the épicondyle. If the 
offending area is too large and will compromise the triceps, 
the médial tendon is partially detached from its insertion 
on the olecranon and transposed laterally to the central ten¬ 
don. 33 The ulnar nerve can also be transposed anteriorly if 
clinically indicated. 

Outcomes 

There are only isolated case reports on the surgical treatment 
of this condition; hence, no meaningful conclusions can be 
made. 
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Soft Tissue Coverage of the Elbow 

Frances Sharpe, MD 
Milan Stevanovic, MD 



Injuries or surgical procedures about the elbow that resuit 
in exposed bone, joint, nerves, tendons, or implants require 
durable soft tissue reconstruction. The goals in treating soft 
tissue defects are to pr ovide wound closure, decrease the risk 
of infection, decrease tissue edema, and allow early mobiliza- 
tion and réhabilitation of the elbow. Since local tissue may be 
involved in the zone of in jury, it is useful to be familiar with 
several options for treating soft tissue loss about the elbow. 
The type of coverage should be appropriate for the size and 
etiology of the defect as well as the general health and needs 
of the patient. This chapter addresses the treatment of large 
soft tissue defects, which cannot be addressed by skin grafts 
or local random fasciocutaneous flaps. 

In addition to providing soft tissue coverage, we recom- 
mend the use of durable soft tissue coverage over areas of 
scarred unstable tissue as a prophylactic treatment. This is 
particularly important in the multiply operated elbow and in 
the setting of a poor soft tissue envelope where arthroplasty 
is planned. 


TYPES OF COVERAGE 
Primary Closure 

Primary closure or delayed primary closure is useful f or small 
soft tissue defects, where there is no immediately underlying 
bone, joint, dead space, or implant. Primary closure is lim- 
ited by the size of the defect and the extensibility and vascu- 
larity of the surrounding skin. 

Healing by Secondary Intention 

Wound healing by secondary intention can be consid- 
ered when structural integrity is preserved and there is no 
exposed joint, bone, neurovascular structure, or tendon 
without paratenon. This can be achieved with s erial wet-to- 
moist dressing changes or with a wound closure System such 
as the wound VAC™. This is a closed-System vacuum de vice 


that reduces the risk of secondary infection and uses a vac¬ 
uum System to contract the wound size and reduce swelling. 

Skin Grafting 

Split-thickness or full-thickness skin grafting is appropriate 
f or any size def ect that has a tissue b ed that will accept a graft. 
Skin graft will reliably provide coverage over exposed sub- 
cutaneous tissue, muscle, tendon with paratenon, or bone 
with periosteum. The latter 2 conditions may be undesirable 
as récipient tissue bed because skin graft directly overlying 
tendon or bone can resuit in an unstable scar susceptible to 
breakdown. At the dorsal surface of the elbow, split-thickness 
skin graft should be used with caution since this does not 
provide durable coverage and must be able to withstand 
repeated flexion and extension of the elbow. 

Local Random Flaps 

Local random flaps are not based on any vascular pattern 
or pedicle, but are perfused through dermal and subdermal 
plexus. Local skin flaps can be used to close small defects 
when primary closure créâtes excessive tension on tissue 
margins, or where a small defect is not amenable to skin graft¬ 
ing, for example, an area over a bony prominence, or over an 
exposed tendon. Although these flaps hâve the advantage of 
providing wound closure with similar-texture skin, they hâve 
limited applicability in the upper extremity due to the rela- 
tively poor vascularity and limited tissue mobility. 

Axial Fasciocutaneous Flaps 

Axial fasciocutaneous flaps are based on recognized arte- 
riovenous Systems, which supply a deflned territory of skin 
and subcutaneous tissue. These can be harvested as wide- 
based peninsular flaps, or as island flaps, where the pedicle 
is fully mobilized. Peninsular flaps do not require isolation 
of the pedicle and are usually used as transposition flaps 
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FIGURE 42A-1 This 78-year-old woman was 10 years out from a total elbow arthroplasty. At her initial surgery, she had delayed wound healing. 
At the time of her révision surgery, she underwent a rhomboid rotational flap to improve soft tissue coverage at the elbow. She did not heal her 
wound despite prolonged splinting. At 6 weeks post révision TE A, she underwent a fascial transposition flap. The wound was healed by 3 weeks. 
A. Six weeks postoperative révision total elbow arthroplasty. B. Intraoperative debridement with bone track created by suture used for triceps repair. 
C. Fasciocutaneous transposition with tissue mobilized from the médial elbow. D. Wound healing at 5 weeks—dorsal view. E. Wound healing at 
5 weeks—médial view. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


(Fig. 42A-1). Island flaps are similar to the peninsular flap; 
however, the vascular pedicle is isolated and mobilized. This 
allows greater versatility in coverage because of the increased 
arc of rotation. Most of these flaps also can be taken as free 
flaps. Examples in the arm and forearm include the latéral 
arm flap, the posterior interosseous flap, the ulnar artery 
flap, and the radial forearm flap. 1-16 


Distant Pedicle Flaps: 2-stage Flaps 
(Temporary Pedicle Flaps) 

Distant pedicled flaps are one of the most reliable means of 
achieving coverage of large soft tissue defects, when récipi¬ 
ent vessels are not available, or when the patient is a poor 
candidate for other types of reconstruction. 17-20 These flaps 
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rely on the vascularity of the récipient tissue bed, and do not 
bring a permanent independent blood supply to the defect. 
They hâve been reported to cover defects as large as 22 cm in 
length. 17 Although seldom used, they remain an important 
reconstructive option in select patients. The main limitations 
of these flaps are related to the prolonged immobilization 
required for 2-stage procedures. This prolonged immobi¬ 
lization can significantly compromise functional recovery. 
Increased difficultés are encountered not only with stiff- 
ness and contracture at the elbow and shoulder but also with 
edema and stiffness of the hand and fingers. 

Additional surgical requirements for flap division and 
subséquent flap contouring are another source of morbid- 
ity. At the time of flap division, if there is any suspicion of 
compromised circulation to the flap, a 7- to 10-day delay in 
final insetting at the récipient site will reduce the risk of flap 
necrosis. Donor-site cosmesis is of greater concern when the 
donor site cannot be closed primarily. These flaps also hâve 
been critiqued for their bulk and need for secondary surger- 
ies for contouring. 


Local Muscle Pedicle Flaps 

Local muscle rotational flaps can be used to cover small 
defects about the elbow where there is exposed nerve, ves- 
sel, tendon, bone, or implant. Their arc of rotation gener- 
ally allows for coverage of anterior and posterior wounds. 
Several local muscle rotational flaps hâve been described 
in small sériés, often only as case reports. These include 
the brachioradialis (Fig. 42A-2A), the extensor carpi radia- 
lis longus, the anconeus, and the flexor carpi ulnaris (FCU) 
(Fig. 42A-2B). 21-30 These muscles often lie within the zone of 
in jury, limiting their use in these situations. 

Distant Muscle Pedicle Flaps: 1 Stage 

The latissimus dorsi (LD) rotational flap is the only distant 
pedicled muscle rotational flap that provides coverage of 
moderate to large soft tissue defects about the elbow. The 
muscle and its neurovascular pedicle lie well away from the 




FIGURE 42A-2 A. Schematic drawing of brachioradialis flap. B. Schematic drawing of flexor carpi ulnaris flap. (Copyright © Milan Stevanovic, MD 
and Frances Sharpe, MD.) 
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elbow and are generally outside of the zone of in jury. Because 
this is a 1-stage procedure, réhabilitation can be started 
within the first week of reconstruction. 

Free-tissue Transfer 

When local rotational flaps or distant 1-stage pedicle flaps 
are not suitable for soft tissue reconstruction, free-tissue 
transfer should be considered. Free-tissue transfer may pro¬ 
vide the best functional and cosmetic outcome, and can be 
performed as a single-stage reconstruction, allowing early 
réhabilitation of the elbow. 

Sélection of the donor site dépends on several factors. 
These include the size and location of the defect, any under- 
lying structural or functional déficit, the presence of exposed 
or prominent implants, and the general health status of the 
patient. For example, functional morbidity at the donor site 
is more critical in the polytrauma patient, who is already 
functionally compromised. Many options for free-tissue 
transfer exist; these include fascial, fasciocutaneous, muscle, 
musculocutaneous, and osteocutaneous flaps. 

Fascial free flaps can be used for defects that do not 
require the fllling of a dead space. More commonly used fas¬ 
cial flaps include the temporoparietal fascia, radial forearm 
fascia, and parascapular fascia. They are particularly useful 
in the hand, where they provide thin pliable coverage, and 
allow tendon gliding. 

The latéral arm and radial and ulnar forearm flaps can 
be taken as sensory flaps, which can be important in pro- 
viding protective sensation over areas subject to pressure 
breakdown. Despite this advantage, these flaps hâve some 
donor-site morbidity with complaints of chronic aching, 
dysesthesias, and poor cosmetic appearance. 

SURGICAL PROCEDURES 

The procedures we use most frequently are described below. 
Although we sometimes use other techniques, we find these 
procedures to be reliable and durable with consistent anat- 
omy. They require no microsurgical techniques and can be 
performed relatively quickly. 

Local Muscle Rotational Flap: Anconeus 

ANATOMY 

The anconeus is a small triangular muscle Crossing the latéral 
elbow. Its origin lies on the posterior surface of the latéral 
épicondyle of the humérus and it inserts on the latéral proxi¬ 
mal olecranon. The muscle is supplied through 2 constant 
arterial pedicles, the médial collateral artery and the récur¬ 
rent posterior interosseous artery, which anastomose within 
the muscle belly. The médial collateral artery is a terminal 
branch of the profunda brachii. It always travels with the 
radial nerve branch to the anconeus and enters the muscle 


on its proximal deep surface. From an arterial standpoint, 
the anconeus can be mobilized on either its proximal or 
distal pedicle. However, mobilization on the distal pedicle 
(récurrent posterior inter osseous artery) requires sacrifice of 
the nerve leading to atrophy and scarring of the flap. The 
anconeus is innervated by branches of the radial nerve. The 
muscle measures approximately 2.5 cm in width and 7 cm in 
length. It functions as a minor elbow extensor and may play 
a rôle in augmenting latéral stability of the elbow. 

INDICATIONS 

The anconeus is ver y useful and available for small defects 
on the posterior and latéral elbow. Schmidt et al described 
3 areas of coverage that include the latéral radiocapitellar 
joint, the distal triceps tendon at its insertion, and the olec¬ 
ranon. 27 ’ 28 The anconeus can be expected to reliably cover a 
5- to 7-cm 2 defect. It can be harvested without measurable 
functional déficit. 

CONTRAINDICATIONS 

There are no spécifie contraindications other than defect size 
and local involvement in the zone of in jury. Latéral-sided 
elbow instability is a relative contraindication. However, 
collateral ligament reconstruction can be performed in con- 
junction with soft tissue coverage. 

SURGICAL TECHNIQUE 

General hand surgery instrumentation is typically adéquate 
for the surgical dissection. Loupe magnifleation is not 
necessary, but preferred. The procedure can be performed 
with the patient in a supine, latéral, or prone position, 
depending on other procedures being performed. When 
soft tissue coverage alone is performed, we prefer a supine 
position. The elbow and forearm are supported on towels as 
needed. The donor site for harvesting split-thickness skin 
graft should be considered in the surgical site préparation. 
A stérile tourniquet is used during the muscle dissection, 
but is released once the muscle has been mobilized. General 
anesthésia or régional anesthésia may be used based on 
patient and anesthesiologist preference. 

The skin incision is centered over the latéral épicondyle 
and extends obliquely to the latéral border of the olecranon, 
near the distal insertion of the anconeus. The antebrachial 
fascia is exposed and the interval between anconeus and 
extensor carpi ulnaris is opened. The dissection of the anco¬ 
neus must be carried to its distal-most insertion, which lies 
approximately 10 cm from the latéral épicondyle. The inter¬ 
val between the anconeus and the extensor carpi ulnaris is 
more easily identifled distally. 

The tip of the anconeus is elevated from its insertion. 
Supraperiosteal dissection is carried out along the inferior 
border of the ulna. The radiocapitellar joint capsule is pro- 
tected. The récurrent posterior interosseous arterial pedicle 
is ligated, and the muscle is mobilized to its origin. The 
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FIGURE 42A-3 This 53-year-old brick layer was surgically treated f or latéral epicondylitis. He presented with a draining wound a nd was treated for 
presumed infection with multiple debridements. He failed to heal and was referred to our department. He was felt to hâve a chronic synoviocutaneous 
fistula. Latéral ulnar collateral ligament and capsular reconstruction was performed with tissue allograft. An anconeus muscle flap was used to cover 
the reconstruction. Primary wound closure was possible. A. Status post wound debridement showing latéral capsular deficiency and anconeus muscle. 
B. Anconeus muscle rotated below the extensor carpi ulnaris muscle andcoveringthe latéral joint. C. Fiveyearspostoperative wound healing showing 
full extension. D. Fiveyears postoperative flexion. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


origin can also be released to increase the arc of rotation on 
its proximal pedicle from the médial collateral artery. If the 
muscle origin off the latéral épicondyle is released, the proxi¬ 
mal pedicle (médial collateral artery) should be identified 
and protected. A split-thickness skin graft is used to cover 
any exposed muscle (Fig. 42A-3). 

An overzealous dissection of the proximal anconeus and 
proximal release of the muscle origin can place the proxi¬ 
mal pedicle and nerve at risk for in jury. An under estima¬ 
tion of the defect size may make the anconeus unsuitable or 
inadéquate to provide coverage. Debridement of the wound 
should be performed prior to committing to the use of the 
anconeus for coverage. Alternative coverage options should 
be considered prior to the time of surgery if the defect size is 
intraoperatively determined to be too large or distant. 


Local Muscle Rotational Flap: 

Flexor Carpi Ulnaris 

ANATOMY 

The FCU is the ulnar- most superficial flexor of the forearm. 
It has 2 heads of origin: 1 from the médial épicondyle of the 
distal humérus and the other from the proximal ulna. The 
dominant pedicle is from the ulnar artery or the ulnar récur¬ 
rent artery (a branch of the ulnar artery). The FCU muscle 
is usually supplied by several pedicles along the length of the 
muscle, but is well perfused by the proximal 1 to 2 pedicles. 
These pedicles are small 1- to 2-mm vessels (Fig. 42A-4A). 
The muscle is innervated by the ulnar nerve, which enters 
the proximal muscle just distal to the médial épicondyle. The 
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FIGURE 42A-4 A. Vascular anatomy of the flexor carpi ulnaris. 
B. Fan-folding of the flexor carpi ulnaris showing wider area of poste- 
rior elbow coverage. (Copyright © Milan Stevanovic, MD and Frances 
Sharpe, MD.) 

average muscle belly measures 5 cm in width and 20 cm in 
length. The muscle belly extends to the wrist flexion crease 
in most specimens. 

INDICATIONS 

As with most local rotational muscle flaps for the elbow, the 
size and arc of rotation limits the use of these flaps for small- 
to medium-sized defects on the anterior,posterior, or médial 
elbow. The largest defect we hâve covered on the posterior 
elbow is 6 x 8 cm. The FCU can also be used to cover neuro- 
vascular structures, arteriovenous shunts, and vascular pros- 
thetic grafts. 23>29,3(1 

CONTRAINDICATIONS 

The FCU muscle should not be sacrificed when other cover¬ 
age options with a lower morbidity are available. For patients 
who are anticipated to return to their previous level of func- 
tion and require a strong wrist flexor, alternatives to the use 
of the FCU should be explored. 31 Spécifie contraindications 
to the use of the FCU are an absent ulnar artery, absent inner¬ 
vation to the FCU, and inclusion of the FCU in the zone of 
in jury. The biggest controversy over the use of the FCU flap 
for soft tissue coverage is the potential donor-site morbidity 
associated with using the dominant flexor and ulnar deviator 
of the wrist. 


SURGICAL TECHNIQUE 

General hand surgery instrumentation is typically adéquate 
for the surgical dissection. Micro vascular ligaclips and bull¬ 
dog clamps for 1- to 2-mm vessel size should be available. 
Bipolar cautery can help with hemostasis around neurovas- 
cular structures. Loupe magnification is useful in identifying 
the perforating branches from the ulnar artery. 

The procedure is preferably done in the supine posi¬ 
tion. The donor site for harvesting split-thickness skin graft 
should be considered in the surgical site préparation. A stér¬ 
ile tourniquet is used for the dissection of the FCU. The tour¬ 
niquet is released prior to ligation of the second most distal 
perforating pedicle, so that muscle perfusion can be assessed. 
General anesthésia is preferred, but the surgery can be per- 
formed under a régional block if the patient has a contrain- 
dication to general anesthésia. An Allen test is performed to 
assess the patency of both radial and ulnar arteries to rule 
out an absent ulnar artery with atypical vascular pedicles to 
the FCU. 

A longitudinal incision is made along the ulnar border of 
the FCU muscle from the wrist flexion crease to the médial 
épicondyle. The incision is tailored proximally to the area of 
defect by a médial incision. The acuity of the angle of the 
skin flaps should be 60° or greater. 

The distal end of the musculotendinous junction is iden- 
tified and transected. The muscle is mobilized from the 
surrounding fascia and from the ulna. There are typically 
between 5 and 7 pedicles to the FCU from the ulnar artery. 
A relatively distal proximal pedicle can limit the arc of rota¬ 
tion of the flap. If the proximal pedicles lie very distally, it is 
possible that the flap is supplied doser to its insertion by a 
branch from the récurrent ulnar artery. The proximal ped¬ 
icles should be evaluated before ligating the distal pedicles. 
With the tourniquet released, the perfusion of the muscle is 
assessed. The more distal pedicles are clamped with a bull¬ 
dog clamp. If perfusion remains unchanged, the most dis¬ 
tal perforators are ligated, leaving the proximal 2 pedicles 
intact. The flap is generally well perfused by the proximal 
2 perforators. If necessary, the second of the most proxi¬ 
mal perforators can also be sacrificed to allow a greater arc 
of rotation of the flap. The muscle belly is completely freed 
from surrounding tissue and fascia and rotated on its proxi¬ 
mal pedicle(s). It is then brought over the posterior elbow 
and sutured to the récipient site with 3-0 absorbable suture. 
Torsion of the pedicle during rotation of the flap can resuit in 
vascular compromise. Good perfusion of muscle flap should 
be confïrmed before skin closure. Tension-free closure is 
important to prevent compression of the pedicles. The pos¬ 
terior elbow defect is covered with a split-thickness skin graft 
(Fig. 42A-5). In order to maximize the surface area that can 
be covered by this flap, the muscle should be transected at 
the wrist level. Longitudinal incisions along the muscle fas¬ 
cia allow the muscle to be spread out to cover a wider sur¬ 
face area. In addition, fan-folding of the muscle increases the 
width of coverage (Fig. 42A-4B). Also, the tendinous portion 
of the FCU can be used for a vascularized ligament recon¬ 
struction of the collateral ligaments of the elbow. 
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FIGURE 42A-5 FCU case. This 27-year-old factory worker sustained 
a mangling in jury to the right forearm. His bony injuries included an 
open elbow fracture dislocation and segmentai injuries of the radius 
and ulna, with destruction of the proximal radius. His forearm injury 
was converted to a 1-bone forearm, and soft tissue coverage over the 
olecranon and proximal ulna was achieved with a flexor carpi ulnaris 
muscle rotation flap. A. Radiographs of bone in jury at elbow. B. Open 
elbow fracture post debridement. C. Plate stabilization with création 
of a 1-bone forearm. Flexor carpi ulnaris mobilized. D. FCU rotated 
to cover plate and soft tissue defect at elbow. E. Soft tissue healing at 
6 months postoperatively. (Copyright © Milan Stevanovic, MD and 
Frances Sharpe, MD.) 


For optimizing the durability of the final outcome, the 
innervation to the FCU should be left intact. If it is not, 
the rotated muscle flap becomes very scarred and atrophie. 
Although a thicker soft tissue envelope can be achieved by 
harvesting the FCU with an overlying skin paddle, this can 
resuit in poor donor-site cosmesis. 


Radial Forearm Flap 

ANATOMY 

The radial forearm flap is located on the volar surface of the 
forearm. The position of the donor site on the forearm is 
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determined by the size of the defect and the length of the pedi- 
cle required to rotate the flap to the defect. The flap is supplied 
by the radial artery and its fascial perforators. The radial artery 
supply to the hand is sacrificed with this flap. In the proximal 
forearm, the radial artery lies proximally between the bra- 
chioradialis muscle and the pronator teres. Distally, the artery 
lies between the tendons of the brachioradialis and the flexor 
carpi radialis. Along the course of the radial artery numerous 
branches are présent to supply the radial muscles of the fore¬ 
arm. There are also branches présent that perforate the fascia, 
supplying the antebrachial fascia and its overlying subcutane- 
ous tissue and skin. The radial forearm flap is based on these 
perforating branches and they must be protected throughout 
the dissection. In the distal forearm, there are numerous per¬ 
forating branches. In the proximal forearm there are fewer 
branches and inadvertent in jury to these perforators can resuit 
in loss of the proximal portion of this flap. The venous outflow 
for the flap is provided by the venae comitantes of the radial 
artery. The cephalic vein can sometimes be included in the 
flap, but it is not critical for flap outflow. 32 The main concern 
with the use of this flap relates to the cosmetic appearance at 
the donor site. This is reported to be a significant source of 
patient dissatisfaction, particularly in women. There are con- 
flicting data regarding functional outcome related to grip and 
pinch strength and loss of dorsiflexion at the wrist. 33-35 

INDICATIONS 

The radial forearm flap is perhaps the most versatile and reli- 
able rotational flap for hand and elbow soft tissue reconstruc¬ 
tion. 6 * 15,35-37 The flap provides thin durable coverage. When 
used for elbow coverage, the incorporation of the médial or 
latéral antebrachial cutaneous nerve can make this a sensate 
flap and provide sensory protection for large areas of recon- 
structed soft tissue about the elbow. A large skin flap can be 
harvested alone or with vascularized tendon and/or bone 
graft. Alternately, vascularized fascia alone can be taken as 
free or rotational tissue. 38 The long pedicle provides a wide 
arc of rotation, allowing for easy circumferential coverage of 
the elbow. Thus, the indications for this flap are for small to 
large soft tissue defects about the elbow. Since vascularized 
bone and tendon can be harvested with this flap, the radial 
forearm flap is uniquely capable of providing the éléments 
for reconstruction of small bone defects and/or collateral 
ligaments in conjunction with soft tissue coverage. 

CONTRAINDICATIONS 

The absolute contraindication for a radial forearm flap is 
incomplète or inadéquate perfusion of the hand through the 
ulnar artery or previous in jury of the radial artery. Before 
using the radial forearm flap, a careful preoperative assess- 
ment is necessary to evaluate the blood supply to the hand. 
An Allen test and Doppler examination of the radial and 
ulnar arteries should be performed. An incomplète superfi- 
cial arch or an absent ulnar artery is an absolute contraindi¬ 
cation for use of this flap. 


Relative contraindications include previous history of 
surgery on the volar forearm, patients with history of periph- 
eral vascular disease or other vascular disorders, and patients 
for whom the cosmetic appearance of the donor site would 
affect the patients profession or self-image. Patients should 
be counseled about the donor-site appearance, the potential 
for cold intolérance, and the remote risk of vascular com¬ 
promise to the hand. They should also be aware of sensory 
déficits associated with harvesting a sensate flap. 

SURGICAL TECHNIQUE 

General hand surgery instrumentation is typically adéquate 
for the surgical dissection. Micro vascular ligaclips (small 
and medium) and bulldog clamps for 2- to 4-mm vessel size 
should be available. A stérile Doppler is not usually neces¬ 
sary, as the radial artery is easily palpated. Loupe magnifica- 
tion is useful and preferred. The procedure is performed in 
the supine position. 

A stérile tourniquet is used for the dissection. Gravity 
élévation or light Esmarch exsanguination is used in order 
to allow better visualization of the s eptocutaneous perforat¬ 
ing branches. General anesthésia is preferred, but the surgery 
can be performed under a régional block. 

The flap is designed on the volar aspect of the forearm. 
The flap size and design dépend on the size and shape of 
the defect to be covered (Fig. 42A-6). The position of the 
skin island on forearm dépends on location of the defect. 
It should be positioned sufficiently distal to allow the skin 
island to be rotated to the area needing coverage. After out- 
lining the flap, the incision follows the course of the radial 
artery. Proximally it is tailored toward the defect, foliowing 
the anticipated arc of the flap. We do not recommend tunnel- 
ing of the flap below the skin. 

The course of the radial artery is approximated along a 
line drawn from the biceps tendon to the radial side of the 
flexor carpi radialis tendon at the proximal wrist crease. 
The skin island is marked. The incision is started distally, 
identifying the cephalic vein and the radial artery that lies 
between the tendons of the brachioradialis and flexor carpi 
radialis. The skin paddle is incised down to the antebrach¬ 
ial fascia. The fascia is sharply divided in line with the skin 
incision. The fascia is tacked to the subdermal layer with a 
4-0 absorbable suture to prevent shearing injuries to the fas¬ 
cial perforators. The dissection is then continued in the sub¬ 
fascial plane starting on the ulnar side of the flap. The flap 
is elevated to the radial artery. It is critical to stay above 
the paratenon throughout the dissection. As the dissection 
approaches the radial artery the intermuscular septum must 
be included in the dissection to preserve the septocutane- 
ous perforators that supply the skin paddle. The flap is then 
elevated from radial side in the same fashion. Retraction of 
the brachioradialis and eversion of its ulnar border allow bet¬ 
ter visualization of the radial artery and its pedicles. Prior to 
ligating the radial artery, the artery is provisionally clamped 
with a microvascular clamp, and the tourniquet is released. 
The perfusion of the hand is checked. If it is satisfactory, the 
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FIGURE42A-6 Radial forearm flap. A. Outlineof the flap on the forearm. B. Flap raised on its radial artery pedicle. (Copyright © Milan Stevanovic, 
MD and Frances Sharpe, MD.) 


arm is re-exsanguinated and the tourniquet is reinflated. The 
radial artery and cephalic vein are ligated in the distal inci¬ 
sion site, and the remainder of the flap is elevated together 
with the radial artery and cephalic vein. Depending on the 
distance to the defect, the radial artery and its venae comi- 
tantes can be traced proximally as far as the bifurcation of 
the brachial artery to allow a greater arc of rotation. The flap 
is inset into the defect in a standard manner (Fig. 42A-7). 
Kinking of the proximal pedicle during rotation of the flap 
can lead to flap congestion and failure. 

A composite vascularized flap can also be harvested, as a 
tendinocutaneous graft or osteotendinocutaneous flap. The 
brachioradialis, flexor carpi radialis, and palmaris longus can 
be utilized either alone or in combination for triceps tendon 
reconstruction or augmentation or for a vascularized médial 
or latéral ligament reconstruction. 

The donor site can rarely be closed primarily and requires 
split-thickness skin grafting. Use of nonmeshed skin graft 
provides a more cosmetic donor-site scar. The skin edges 
should be sutured to the adjacent épimysium to prevent 
further spreading of the skin edges. Préservation of the 
paratenon is important to prevent failure of the skin graft 
over the donor site. If the paratenon has been harvested with 
the flap, an attempt should be made to provide muscular cov¬ 
erage over the tendon(s). When this is not possible, consider 
resection of noncritical portions of tendon. After covering 
the donor site with a split-thickness skin graft, a bolster 
dressing is placed over the graft for 3 to 4 weeks. This pro- 
longed period of maintaining the dressing has reduced the 


incidence of tendon adhesions in our expérience. The fore¬ 
arm is splinted to prevent muscle shearing forces across the 
skin graft for the first 3 weeks. 

Donor site morbidity may be decreased by a suprafascial 
dissection of the flap as injection studies hâve shown that 
the dominant subcutaneous vessels and their anastomosing 
vessels lie superficial to the fascia. 39 

Distant Muscle Rotational Flap: 

Latissimus Dorsi 

ANATOMY 

The LD is a broad thin muscle originating from the tho- 
racodorsal fascia and inserting on the proximal médial 
humérus between the insertions of pectoralis major and 
teres major. It is a strong fan-shaped muscle supplied by the 
thoracodorsal artery and innervated by the thoracodorsal 
nerve, which arises as a terminal branch from the posterior 
cord. The proximal location of the neurovascular pedicle 
provides a wide arc of rotation for rotational coverage of the 
head, neck shoulder, arm, and elbow. 

INDICATIONS 

The LD is a versatile flap that can be harvested as a muscle 
or musculocutaneous flap. Due to its size and arc of rota¬ 
tion, this muscle or musculocutaneous flap can be used 
to cover large soft tissue defects of the upper extremity. In 
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FIGURE 42A-7 This 40-year-old patient had sustained an open supra- 
condylar humérus fracture. Wound healing was complicated by s oft tis- 
sue necrosis and failure of the skin graft. Bone and suture were exposed. 
Following debridement of t he wound, there was also exposed hardware. 
A radial forearm rotational flap was used to cover the defect. A. Chronic 
posterior elbow wound. B. Healed radial forearm flap at 2 years. 
C. Donor site at 2-year follow-up. (Copyright © Milan Stevanovic, MD 
and Frances Sharpe, MD.) 

anatomie and clinical studies, it has been shown to reach 
6 to 8 cm distal to the olecranon as a rotational flap. 40,41 The 
LD is particularly useful when the patients zone of in jury 
prevents the use of local tissue for soft tissue coverage as 
well as for large soft tissue defects. The neurovascular sup- 
ply to this muscle allows the latissimus to also be rotated 
as a functional muscle transfer. At the elbow this can be 
used for reconstruction of elbow flexion or extension and 
can be done in combination with coverage of soft tissue 
defects. 40 " 51 


CONTRAINDICATIONS 

Absolute contraindications for this flap are patient condi¬ 
tions that require use of crutches or a wheelchair, such as 
paraplegia or severe lower extremity injuries. Ipsilateral 
shoulder girdle weakness, previous surgeries about the 
shoulder girdle, previous trauma affecting the subclavian or 
axillary artery, tumor resection, and lymph node dissection 
in the area of the thoracodorsal artery and nerve are fur- 
ther contraindications. Relative contraindications include 
patients with family history of breast cancer that might need 
future reconstruction. 

SURGICAL TECHNIQUE 

General hand surgery instrumentation is typically adéquate 
for the surgical dissection. Microvascular ligaclips (small 
and medium) and bulldog clamps for 2- to 4-mm vessel size 
should be available. A stérile Doppler is used to assess the 
distal flap circulation. Bipolar cautery is important for dis¬ 
section around the pedicle. Long lighted retractors can be 
helpful if providing exposure through more limited skin 
incisions. 

The patient is positioned in the latéral decubitus posi¬ 
tion. The entire latéral side from the ilium to the shoulder 
girdle and including the affected arm is included in the prep. 
Dorsally this should extend to the spinous processes and ven- 
trally to the midumbilical line. The operative arm can be sup- 
ported on a stérile Mayo stand. Prolonged abduction of the 
arm can cause a traction neurapraxia to the brachial plexus 
and periodic repositioning of the arm should be performed. 
Donor site for harvesting split-thickness skin graft should be 
considered in the surgical site préparation and is most con- 
veniently done from the ipsilateral latéral thigh. The contra¬ 
latéral side should be well padded. An axillary roll should 
be placed to prevent compression of the brachial plexus and 
to prevent circulatory compromise to the upper extremity. A 
stérile tourniquet may be used for debridement of the defect 
site or for additional procedures that need to be performed at 
the elbow. General anesthésia is necessary for this procedure. 

The skin incision follows the course of the latissimus 
along its midline axis. The incision extends from the axilla 
to approximately 4 fingerbreadths cephalad to the posterior 
iliac crest (Fig. 42A-8). In general, we prefer to transfer the 
latissimus as a muscle transfer rather than a musculocutane- 
ous transfer. Indications for inclusion of a skin paddle for 
elbow coverage are limited. Our principal indication would 
be a massive soft tissue defect or if the muscle is to be used 
as a functional transfer. Inclusion of a skin paddle in this scé¬ 
nario is to prevent muscle adhesion and improve gliding. If a 
skin paddle is to be used, it is designed to fit the skin defect at 
the elbow. It is important to measure the size of the defect at 
the completion of the debridement of the traumatic wound. 

During the dissection of the skin paddle, the incision is 
beveled away from the skin incision. The incision is carried 
down to the muscle fascia. Skin flaps are elevated in the supra- 
fascial plane first toward the anterior margin of the latissimus 
and then toward the posterior margin. The anterior margin 
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FIGURE 42A-8 Latissimus dorsi rotational flap. A. Skin incision for the latissimus dorsi. B. Flap elevated and rotated on the thoracodorsal pedicle. 
(Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


of the latissimus is most easily identified and separated from 
adjacent muscles in the midpoint of the muscle. The ante- 
rior margin is mobilized and traced toward its caudal ori- 
gin. As the iliac crest is approached, the fibrous origin of the 
latissimus must be tediously dissected from the fibers of the 
abdominal oblique muscles at the thoracodorsal fascia. 

The fibrous origin of the latissimus is released from the 
thoracodorsal fascia and the muscle is elevated along its deep 
surface from caudad to cephalad. Deep perforating branches 
should be identified and cauterized or ligated. As the dissec¬ 
tion continues cephalad, care should be taken to identify and 
protect the distal slips of the serratus anterior and the teres 
major muscle. The latissimus may be tightly adhèrent to the 
chest wall origin of the serratus anterior and to the scapular 
origin of the teres major, making it difficult to distinguish 
between the muscle planes. Electrical stimulation of the 
muscle fibers of the latissimus can help distinguish between 
the fibers of the latissimus and adjacent muscles. 

During the dissection toward the axilla, the branch of 
the thoracodorsal artery that supplies the distal slips of the 
serratus anterior should be identified. The branch origin 
is variable in location. If the distal slips of serratus are not 
to be included in the rotational flap, the branch is ligated 
close to its takeoff from the thoracodorsal artery. We recom- 
mend the use of a 2-0 suture ligature rather than hemoclips. 
Hemoclips may loosen or dislodge and lead to significant 
bleeding. Small perforating branches of the thoracodorsal 
artery are also ligated. The thoracodorsal artery must be pro- 
tected from stretching or twisting during the remainder of 
the dissection. 


Attention is then directed cephalad to the insertion of the 
latissimus on the proximal humérus. Release of the humerai 
insertion of the latissimus allows greater mobilization of t he 
muscle. We release 80% of the insertion regardless since this 
changes the muscle resting length and reduces muscle con¬ 
traction that might disrupt the muscle after it is inset. The 
remaining intact 20% of the insertion helps prevent traction 
in jury to the pedicle. 

The tendinous portion of the latissimus is identified and 
dissected along its anterior surface toward its insertion on 
the humérus. Since the tendinous insertion of the LD and 
teres major are often conjoined, spécial attention is neces- 
sary to release only the insertion of the LD. It is important 
to remember that the axillary nerve lies just superior and 
médial to the latissimus insertion. Careful dissection in this 
area is necessary to avoid in jury to the nerve. If the latissimus 
is to be used as a functional transfer, the release of the inser¬ 
tion is performed close to the bony insertion of the latissi¬ 
mus on the humérus. 

The thoracodorsal pedicle is mobilized. We do not sep- 
arately identify the thoracodorsal nerve. Although some 
surgeons do sacrifice the nerve when not performing a func¬ 
tional transfer, we spare the nerve in order to preserve some 
of the muscle thickness and elasticity and limit some of the 
fibrotic changes that occur in denervated flaps. The neuro- 
vascular pedicle is mobilized, and the surrounding fascia is 
completely released to prevent kinking of the pedicle over 
tight fascial bands. Ligating the vascular branch to the ser¬ 
ratus anterior and more proximal perforating branches will 
improve length and mobility of the vascular pedicle. 
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The muscle can now be rotated on its pedicle to cover 
defects on any surface of the elbow. The pedicle should not 
be twisted, and there should be no tension on the pedicle at 
the time of insetting. During transposition, we do not rec- 
ommend tunneling of the latissimus below a subcutaneous 
bridge. This can compress the muscle and/or pedicle, leading 
to myonecrosis. 

The latissimus is inset below the subcutaneous tissue. 
The muscle fascia is tacked to the subcutaneous tissue layer 
beginning proximally to prevent traction on the pedicle. 
Periodically during insetting, the color of the vena comi- 
tantes is monitored. Any change or darkening of the venous 
return suggests possible venous obstruction proximally. This 
may be caused by kinking of the pedicle at the axilla. After 
the muscle is completely inset, a Doppler probe is used to 
check the patency of the vessel in f ull elbow extension and at 
90° of elbow flexion. If the puise is completely obliterated 
at 90° of flexion, the muscle is stretched too far distally and 
should be reinset. Failure to recognize these potential areas 
of vascular compromise can lead to partial or complété flap 
necrosis. When the entire latissimus muscle is used, the flap 
closest to the origin may not be adequately supplied on the 
proximal pedicle. This portion of the flap should be care- 
fully checked once the muscle is rotated. If perfusion is ques- 
tionable, this portion of the muscle flap should be resected. 
Exposed muscle is covered with a split-thickness skin graft. 
After application of the dressing, the arm is placed in 30° to 
40° of shoulder abduction and 40° to 60° of elbow flexion. 


In this position, swelling about the axilla will be less likely 
to cause compression of the vascular pedicle. Gentle passive 
range of motion may be initiated at 1 week. 

If the latissimus is to be used for simultaneous soft tissue 
coverage and functional reconstruction, the resting length 
of the muscle must be marked. This is done by placing t he 
arm in full flexion. Marking sutures are sewn into the mus¬ 
cle belly at 5-cm inter vais, starting from the muscle inser¬ 
tion and measuring toward the origin. When the muscle is 
inset for functional reconstruction, the resting length must 
be restored. This is done by insetting the muscle such that the 
marking sutures placed at the time of harvesting the muscle 
are restored to 5-cm intervals. Any excess muscle is resected. 
It is better to harvest a skin paddle with the latissimus to 
cover a functional muscle transfer. This tissue provides a 
better gliding surface for the muscle than a split-thickness 
skin graft. The skin paddle is inset. Any remaining exposed 
muscle is covered with split-thickness skin graft. For recon¬ 
struction of elbow flexion, the latissimus is inserted into the 
residual stump of the biceps. The resting length is set with 
the elbow in full extension, and the elbow is immobilized 
in approximately 90° of elbow flexion. When a reconstruc¬ 
tion is done for elbow extension, the muscle resting length is 
set with the elbow in maximum flexion. Postoperatively, the 
elbow is immobilized in maximum extension. The period of 
immobilization for a functional reconstruction must be for a 
minimum of 8 weeks, foliowed by a gentle program of remo- 
bilization (Fig. 42A-9). 



FIGURE 42A-9 A 23-year-old patient who sustained a crush in jury of thearm and elbow. A vascular repair without bone stabilization was performed 
at an outside institution. An external fixator was used for stabilization due to the vascular repair that was performed in a shortened position. A rota- 
tional myocutaneous latissimus flap was used to cover the soft tissue defect on the arm and circumferentially around the elbow. A. Angiogram showing 
bone and vascular repair. B. Soft tissue defect following external fixation and debridement. C. Healed latissimus flap at 1 year. (Copyright © Milan 
Stevanovic, MD and Frances Sharpe, MD.) 
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COMPLICATIONS 

The most serious complication foliowing soft tissue coverage 
of the elbow is partial or complété loss of the flap. In the early 
stages this results from arterial inflow or venous outflow 
problems. In later stages of recovery, this can be related to 
infection. Careful attention to debridement of necrotic and 
poorly vascularized tissue, appropriate treatment of infected 
or contaminated wounds prior to soft tissue coverage, and 
adéquate antibiotic therapy can reduce the risks of infection. 
Large donor sites can be prone to seroma formation. Spécifie 
cosmetic and functional losses related to the spécifie donor 
tissue should be considered and the procedure that allows 
the best coverage with the least déficit should be selected. 

OUTCOMES 

It is difficult to provide outcome data for soft tissue coverage 
procedures. Many of the techniques described are presented 
as small sériés or case reports. Functional outcomes are often 
more related to the underlyingpathology rather than the spé¬ 
cifie coverage procedure. In larger sériés, the coverage proce¬ 
dures were performed for a variety of underlying pathologies. 
Elhassan et al reviewed 20 patients who underwent anconeus 
rotational flaps. The anconeus reliably covered defects with 
an average size of 4 x 3 cm. The most common diagnosis 
was a chronic draining olecranon bursitis. The average time 
to wound healing was 3 weeks. There were 2 wound dehis- 
cences, which healed with local wound care. 52 

The FCU outcomes hâve been reported in a few small 
sériés. 23,30,53,54 In a cadaveric study by Wysocki et al, the FCU 
was found to reliably cover a defect width of 2 to 4 cm at 
the olecranon. They were able to correlate width of cover¬ 
age with forearm circumference. In our expérience of clini- 
cal and cadaveric dissections, we were able to cover defects 
between 2 and 5 cm in width. Fan-folding of the FCU pro¬ 
vides a greater width of coverage. Without fan-folding, the 
FCU can reach 8 to 9 cm proximal to the olecranon tip with 
the elbow flexed at 90°. 

Jutte et al performed cadaveric dissections to evaluate the 
distal extent of a rotational LD flap for elbow coverage. They 
found that the latissimus consistently reached the olecranon 
and frequently was able to provide coverage to the proximal 
forearm. They did not recommend coverage more than 6 cm 
from the tip of the olecranon on the posterior elbow. 40 Our 
clinical expérience paralleled that of Jutte s. In our reported 
sériés, we had complications in 2 of 9 latissimus flaps, the 
flrst related to hematoma that formed from loss of a ligaclip 
on a branch to the serratus. The other complication was a 
partial flap necrosis at the distal flap when coverage past 
8 cm distal to the olecranon tip was attempted. 55 

The most comprehensive paper on this subject was per¬ 
formed by Choudry et al. Ninety-nine flaps were reviewed. 
Pedicled flaps accounted for 65% of the coverage proce¬ 
dures. The most common of these was the radial forearm 
flap followed by LD. The overall complication rate was 31%, 


30 minor complications that did not require additional 
reconstructive procedures. There were 12 major complica¬ 
tions that did require additional coverage procedures. The 
highest complication rate was seen in the LD rotational flaps 
when used to cover defects distal to the olecranon tip. 56 

Any of the above procedures when appropriately sized to 
the soft tissue defect and performed with careful technique 
can provide durable soft tissue coverage and facilitate early 
range of motion of the elbow. As noted above, complications 
can and do occur. The risks of complications can be reduced 
through appropriate flap sélection, careful attention to pedi- 
cle positioning, and vigilant postoperative monitoring. 
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The introduction of vascularized bone transfer in 1975 
by Taylor étal dramatically expanded t he surgical armamen- 
tarium for upper extremity reconstruction. 1 Vascularized 
grafts provide a living piece of corticocancellous bone that 
has immédiate structural integrity that does not decrease 
with time. Vascularized grafts are less likely than allograft to 
suffer stress fractures and are immediately alive and capa¬ 
ble of remodeling including undergoing bone hypertrophy 
as a response to physiologie stress. The presence of living 
osteoblasts facilitâtes healing and increases résistance to 
infection. 

Early work on the transfer of bone on a vascular pedicle 
was done in animal studies. The first studies demonstrated 
the viability of transferred bone over time. 2-4 Later, Brunelli 
et al showed significantly shorter healing times in vascular¬ 
ized compared with nonvascularized autografts in a rabbit 
model. 5 

Since the first report of a vascularized free bone trans¬ 
fer by Taylor et al in 1975 for the reconstruction of a tibial 
defect, many others hâve used and reported on this tech¬ 
nique for upper extremity reconstruction in the setting of 
congénital, neoplastic, and traumatic cases of bone loss. 6 " 27 
Weiland et al should be credited with the first reported use 
of vascularized bone grafts for reconstruction for congénital 
anomalies and tumor. He is also the first to report on the 
transfer of the epiphysis and growth plate in children. 19 In 
the upper extremity, Innocenti et al hâve mastered the use 
of epiphyseal transfer for the proximal humérus and distal 
radius. 11,28-30 The first use of an osteoseptocutaneous flap was 
described independently by Yoshimura et al and Chen and 
Wang in 1983. 31,32 Since that time, the work of many others 
has further elucidated the variable anatomy of the septocuta- 
neous perforators. 33 ^ 1 

While other vascularized bone grafts hâve been success- 
fully utiJized, the vascularized free fibula graft has become 
the workhorse of upper extremity reconstruction, because of 
its shape, structural integrity, reliability, and limited donor- 
site morbidity. 


ANATOMY OF THE 
FIBULAR DONOR SITE 

The fibula is a long, straight cortical bone with a length that 
ranges between 22 and 27 cm. Its blood supply is from the 
peroneal artery through nutrient branches as well as peri- 
osteal branches (Fig. 42B-1). The diameter of the arterial 
pedicle ranges between 1.5 and 3.0 mm, and that of the con¬ 
comitant veins between 2.0 and 4.0 mm. The pedicle length, 
from its branch point from the posterior tibial artery to 
where the artery becomes intimately adhèrent to the fibula, 
ranges between 1.0 and 4.0 cm. The pedicle can be length- 
ened, when necessary, by stripping the periosteum, proximal 
to the nutrient artery, which enters the fibula near the mid- 
diaphysis. 37 The fibula can be harvested with its proximal 
articular surface, and with its open physis in children. In 
addition, it can be transferred with adjacent muscles includ¬ 
ing the soleus or flexor hallucis muscles. 42,43 Most commonly, 
it is transferred as an osteoseptocutaneous flap, which pro¬ 
vides mobility of the skin paddle allowing versatility of 
coverage. 44 

The dominant blood supply to the diaphysis of the fibula 
is from the peroneal artery with venous drainage via venae 
comitantes of the peroneal artery (Fig. 42B-2). Branches off 
of the peroneal artery enter nutrient foramen in the middle 
third of the fibula. 10,37,45 In children, the epiphyseal blood sup¬ 
ply is separate from the diaphyseal circulation. Epiphyseal 
branches of the tibialis anterior (TA) and the descending 
genicular artery supply the fibular epiphysis. The TA also 
provides circulation in the proximal two thirds of the fibular 
diaphysis in children and adults. Therefore, if the epiphysis is 
to be transferred in a child, the fibula is harvested on the TA 
artery 30,46 (Fig. 42B-3). 

The peroneal artery is a branch of the posterior tibial 
artery. However, it is not always présent (<0.1% of patients) 
or the peroneal artery may be présent as a peroneus magnus, 
providing distal blood flow normally provided by the ante¬ 
rior or posterior tibial artery. 47 In 6% of legs the anterior tibial 
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FIGURE 42B-1 Latex injection study showing the posterior aspect of 
the leg. The intimate relationship of the peroneal artery to the fibula 
is demonstrated. Multiple septocutaneous perforators are seen Crossing 
the posterior side of the fibula. (Copyright © Milan Stevanovic, MD 
and Frances Sharpe, MD.) 


artery is déficient in runoff and the dorsalis pedis is supplied 
by a perforator from the peroneal artery. In 5% of legs the 
posterior tibial artery is déficient and the plantar arteries 
branch off of the peroneal artery. 47 An important considér¬ 
ation when harvesting an osteoseptocutaneous fibula flap is 
the location of the dominant perforating branches to the skin 
paddle (Fig. 42B-2). The most reliable cutaneous vessels are 
found in the lower two thirds of the leg, and run posterior to 
the fibula in the posterior crural septum. 31,33,36,38-40,48 


INDICATIONS 

Vascularized bone grafting is indicated in large defects of 
greater than 6 cm resultingfromtrauma,tumor, or infection. 
It is indicated for diaphyseal defects of the upper extremity 
from the cia vicie to the metacarpal. It can be used for distal 
radial articular and proximal humerai articular reconstruc¬ 
tion or to achieve fusion of the shoulder, elbow, or wrist. 
Vascularized free fibula grafting can be used to salvage failed 
conventional skeletal reconstruction. 

For large bone defects, we find this procedure the most 
bénéficiai to the patient for speed of healing, durability, and 
structural integrity, and with great potential for remodeling 
and hypertrophy. 

Candidates for reconstruction should hâve the medi¬ 
cal health necessary to withstand a lengthy surgical proce¬ 
dure. They require a clean soft tissue bed withcontrol of any 
underlying conditions such as tumor or infection. The donor 
site requires a normal vascular pattern of circulation to the 
lower extremity and no prior history of in jury. 



FIGURE 42B-2 Diagram showing peroneal artery circulation to the 
fibula. Cutout showing septocutaneous perforators to the skin paddle. 
(Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


CONTRAINDICATIONS 

Absolute contraindications include the absence of a pero¬ 
neal artery, a peroneus magnus artery, previous donor- 
site trauma, active infection, active immunosuppression 
or radiation therapy, and lack of récipient vessels. Relative 
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FIGURE 42B-3 The vascular supply to the fibula from the TA and peroneal arteries. The cutout shows a detailed view of circulation of the fibular 
epiphysis in children. The epiphysis has dual circulation from branches of the descending genicular artery (branch of the popliteal artery) and the TA 
artery. In children, the circulation to the epiphysis is completely independent of the peroneal artery supply to the diaphysis. Fibular circulation shown 
with areas supplied by peroneal artery (green) and TA circulation (hatched). Expanded view shows detailed view of pédiatrie epiphyseal circulation. 
(Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


contraindications include smoking, medical comorbidities, 
and atherosclerotic vessels. 

PREOPERATIVE PLANNING 

When planning bone reconstruction with a vascular¬ 
ized free fibula, we must first establish that the patient 
has suitable donor- and recipient-site vascular anatomy. 
Conventional or magnetic résonance angiography (MRA) is 
used to evaluate the donor and récipient sites. Preoperative 
angiography is the most effective way of detecting con¬ 
génital anomalies that would prevent harvest of the free 
fibula. In se ver al studies, a vascular anomaly resulting in 
a change in the surgical plan was identified in up to 25% 
of patients. 47,49-51 Patients with a peroneus magnus artery, 


where the primary supply to the foot is from the peroneal 
artery, are not candidates for a vascularized free fibular 
graft, and another means of reconstruction must be cho- 
sen. For patients who hâve a peroneus magnus, clinical and 
Doppler examination of the puises can provide mislead- 
ing information, as the peroneus magnus often divides in 
the distal third of the leg into anterior and posterior tibial 
arteries. 

In the setting of late reconstruction, where a bone defect 
has been présent for a long period of time, a staged program 
of reconstruction should be used. A clean soft tissue bed is 
created prior to the application of the graft, and a spacer is 
used to create a bed for future fibular transfer. This spacer 
should be larger than the cross-sectional area of the planned 
fibula in order to prevent compression of the vascular pedi- 
cle and periosteal circulation to the fibula. 
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When bone reconstruction is required foliowing infec¬ 
tion, it is impérative that the infection be eradicated prior to 
bone grafting. This is accomplished with wide debridement 
of the infected bone, temporary spanning external fixation if 
necessary, systemic and/or local antibiotic delivery, and flap 
coverage if needed. 52 

In trauma, after provisional revascularization, bone stabi¬ 
lization is the first priority in reconstruction. This is foliowed 
by definitive revascularization, with immédiate soft tissue 
reconstruction, including any necessary nerve and tendon 
repair or transfers. In addressing the soft tissue reconstruc¬ 
tion, attention should be given to the importance of a vas- 
cular soft tissue envelope that is necessary for bone healing. 
We hâve found free muscle flaps to be very helpful in the 
reconstruction of soft tissue defects if the soft tissue defect 
cannot be reconstructed with an osteoseptocutaneous flap. 

In general, we prefer to harvest the fibula with an osteocu- 
taneous paddle for monitoring, and for soft tissue coverage, 
if needed. 


SURGICAL TECHNIQUE FOR A 
DIAPHYSEAL GRAFT (WITH OR 
WITHOUT FASCIOCUTANEOUS FLAP) 

A 2-team approach with 1 team preparing the récipient 
site and the other harvesting the contralatéral fibula is the 
most efficient. Anesthetic support is as for other flaps with 
the patient maintained normothermic and normotensive 
with hydration sufflcient to produce urine output at 80 to 
100 mL/h. We prefer to use combined general and épidural 
anesthésia to improve perfusion of the graft, and to decrease 
postoperative pain. 

The patient may be positioned supine, semilateral, or in 
the latéral decubitus position. The donor leg is draped f ree. 
A bump may be placed under the pelvis to internally rotate 
the leg. The bump should be removed after harvesting of the 
fibula to avoid prolonged compression of the sciatic nerve. 
After stérile préparation of the limb, a stérile tourniquet is 
placed about the proximal thigh. 

The initial dissection is performed under tourniquet 
control. The skin incision is placed just posterior to the 
midlateral line of the leg. If an osteocutaneous flap is to be 
used, the skin paddle is centered over the septal perforators 
in the leg (Fig. 42B-4). A Doppler probe is used to identify 
the septal perforators on which the flap is based. The sep¬ 
tal perforators to the skin are segmentally distributed with 
intervals of 3 to 5 cm along the whole length of the fibula. 
However, the most reliable cutaneous perforators are found 
in the distal two thirds of the leg and are posterior to the 
latéral margin of the fibula. Longer skin paddles can be har- 
vested based on the presence of more proximal perforators 

(Fig. 42B-5). 10,31 . 33 . 34 , 38 . 39 . 41 . 53-55 

The fibula can be harvested from the flbular head to 
within 6 cm of the distal tibia-fibular syndesmosis. 56,57 The 
length of the harvested fibula should be 1 to 2 cm longer than 
the size of the defect for reconstruction of radial and ulnar 


defects as well as clavicular defects. For reconstruction of the 
humérus, an additional 2 to 4 cm of fibula should be har¬ 
vested in order to seat the fibula within the medullary canal 
of the proximal and/or distal humérus. If the patient is skel- 
etally immature, the distal flbular stump is fixed to the tibia 
with a transfîxing screw to prevent mortise widening and 
valgus angulation of the ankle. 57 

The skin incision is placed on the latéral leg, carrying the 
incision to the level of the crural fascia. The fascia is sharply 
incised along the posterior margin of the skin paddle fol- 
lowed by the anterior margin. The skin paddle can then 
be elevated from the underlying muscle at the level of the 
muscle fascia, starting posterior and working toward the 
intermuscular septum. Careful dissection is used to identify 
and protect the septocutaneous and/or musculocutaneous 
perforators. These are usually encountered coming off of 
the posterior border of the fibula and penetrating through 
the anterior edge of the soleus, just posterior to the inter¬ 
val between the soleus and peroneus longus. Many times the 


\ 


\ 



FIGURE 42B-4 Skin incisions: anterior incision for flbular epiphy- 
seal harvest based on the tibialis anterior artery; posterior incision 
for flbular harvest based on the peroneal artery. (Copyright © Milan 
Stevanovic, MD and Frances Sharpe, MD.) 
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FIGURE 42B-5 Dissected fibula with skin paddle. (Copyright © Milan 
Stevanovic, MD and Frances Sharpe, MD.) 

perforating vessels may be coming through the soleus mus¬ 
cle (musculocutaneous branches) (34%) or through the lat¬ 
éral intermuscular septum (66%). 36 If the perforating vessels 
are musculocutaneous, then the pedicle must be dissected 
through the soleus muscle or a portion of the soleus muscle 
containing the vessels is harvested with the skin paddle and 
fibula. Stay sutures should be placed throughout the dissec¬ 
tion to hold the muscle fascia to the skin edges to prevent 
shearing in jury to the perforating branches. The skin paddle 
is initially elevated from posterior. After the cutaneous per- 
forators are identified the anterior aspect of the skin paddle 
can be elevated back to the latéral septum. 

Next, the fibula is approached between the superficial 
posterior compartment (containing the soleus muscle) and 
the latéral compartment (containing t he peroneal muscles) 
(Fig. 42B-6). The proximal incision is opened, incising the 
crural fascia and approaching the latéral edge of the fibula 
between the peroneus longus and soleus. Distally, the fascia 
is incised and the fibula is exposed along its anterior surface 
between peroneus longus and soleus, staying superficial to 
the periosteum. The exposure is continued from distal to 
proximal, using finger retraction to prevent injury to the 
deep peroneal nerve. The deep peroneal nerve is identi¬ 
fied in the anterior compartment adjacent to the fibula in 
the proximal third of the dissection. It must be gently pro- 
tected throughout the dissection as peroneal palsy has been 
described foliowing this flap. We hâve had no cases of pero¬ 
neal nerve palsy, since we hâve been using digital r etraction 
of the anterior compartment musculature. 

Exposure of the fibula is continued through an extra- 
periosteal dissection. It is not necessary to leave a cuff of 
muscle on the periosteum; however, care must be taken not 
to disturb the periosteum and the blood vessels running in 
it. Posteriorly, the soleus and flexor hallucis longus are extra- 
periosteally dissected from the fibula. The skin perforators 
penetrating through the most anterior aspect of the soleus 
must also be protected during this dissection. The peroneal 
artery and venae comitantes lie on the posterior surface 
of the interosseous membrane (IOM). They should not be 
separated from the posterior surface of the IOM. 




FIGURE 42B-6 The plane of dissection for the fibula harvest based on 
the peroneal and tibialis anterior arteries is shown in the cross-sectional 
diagrams. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 

The peroneus longus is extraperiosteally elevated off of 
the anterior aspect of the fibula with care taken not to injure 
the deep peroneal nerve that was identified at the start of the 
dissection. The dissection is then continued anteriorly medi- 
ally elevating the extensor musculature off of the fibula and 
the latéral aspect of the IOM. 

The IOM is perforated proximally and distally at the level 
required for harvesting the fibula and malléable retractors are 
used to protect the peroneal vessels and peroneal nerve as the 
fibula is eut with an oscillating or Gigli-type saw. The proxi¬ 
mal osteotomy site should be placed proximal t o where the 
peroneal artery lies immediately adjacent t o the fibula. This 
is usually around 4 to 5 cm distal to the fibular head. One 
technique to help identify this position is the shape of the 
latéral aspect of the fibula. The fibula becomes more rounded 
rather than sharp-edged proximally, and we hâve found the 
peroneal artery is not adhèrent to the médial border of the 
fibula at this level. At the proximal and distal osteotomy sites, 
a 1.0-cm segment of fibula is removed. This facilitâtes mobili- 
zation of the fibula during the dissection of the vessels as well 
as facilitating ligation of the distal pedicle (Fig. 42B-2). 
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The peroneal vascular pedicle is ligated distally allowing 
the fibula to be mobilized from its bed. The fibula is controlled 
with a Kocher clamp placed into the distal medullary canal 
and the fibula is pulled laterally from its distal aspect as the 
IOM is carefully divided. Posteriorly, the flexor hallucis lon- 
gus distally and tibialis posterior muscle proximally are dis- 
sected from the fibula and IOM. Multiple muscular branches 
are given off of the peroneal artery and should be ligated. 

Once the fibula has been fully mobilized, the peroneal 
artery and accompanying vena comitantes are traced back to 
their junction with the posterior tibial artery. There are usu- 
ally 2 concomitant veins. In order to obtain the longest pos¬ 
sible pedicle, the more distal branching vein is ligated close 
to its branch point. This allows more proximal dissection of 
the peroneal artery and more proximal concomitant vein. 
The pedicle should be completely dissected and isolated with 
a vascular loop prior to releasing the tourniquet. The fibular 
graft is then placed back in its bed. The tourniquet is released 
and the vascularity to both the foot and the graft is checked. 
Usually, we wait for approximately 30 minutes, to monitor 
perfusion, prior to transecting the pedicle. 

The fibular donor site can usually be closed primar- 
ily, although skin grafting may be necessary if a large skin 
paddle is used. After meticulous hemostasis is achieved, the 
origin of the flexor hallucis longus muscle should be sutured 
to the surrounding muscle (usually the deep fascia of the 
soleus) in order to preserve the resting length of the muscle 
and prevent flexion contracture of the great toe. A closed- 
system silastic drain is placed deep to the fascia and is left in 
place until there is <5 mL of drainage over a 24-hour period. 
To avoid the possibility of a postoperative compartment 
syndrome, the deep fascia should not be closed. The patient 
is placed into a short-leg posterior splint with a toe plate. 
Immobilization with a splint or cam walker is maintained for 
3 weeks. Weight bearing as tolerated is begun after 2 weeks. 58 

SURGICAL TECHNIQUE FOR 
AN EPIPHYSEAL GRAFT 

For skeletally immature patients who require reconstruction 
of the humerai epiphysis or distal radial epiphysis, the fibula 
and the proximal two thirds of the fibular diaphysis can be 
transferred on the TA artery. Trueta was one of the first to 
delineate the separate arterial supply of the diaphyseal and 
epiphyseal circulation. Until skeletal maturity, the fibular 
epiphysis is supplied through branches of the descending 
genicular artery and a branch of the TA artery. The proximal 
diaphysis receives a significant contribution to its circula¬ 
tion through the anterior tibial artery, allowing diaphyseal- 
epiphyseal transfer of the fibula based on the anterior tibial 
artery 30,46,59 (Fig. 42B-3). 

The surgical technique for harvesting of the fibular epiph¬ 
ysis with proximal diaphysis was eloquently described in 
detail by Innocenti et al. 30 The surgical positioning and prép¬ 
aration is as described above. The surgical incision begins in 
the midlateral leg, centered over the middle of the anterior 


compartment. The incision curves posteriorly to cross over the 
proximal tip of the fibular head and extends proximally in the 
latéral thigh over the biceps femoris tendon (Fig. 42B-4). The 
deep dissection begins distally. The fascia is sharply incised 
at the intermuscular plane between the TA and the extensor 
digitorum longus (Fig. 42B-6). The common peroneal nerve 
is then identified proximally at the level of the fibular neck. It 
is mobilized from the surrounding soft tissues and protected 
throughout the remainder of the procedure. The dissection of 
the vascular pedicle begins distally, separating the deep pero¬ 
neal nerve from the TA artery and concomitant veins. The TA 
artery and concomitant veins are mobilized along with a cuff 
of intermuscular septum. The IOM is divided on the tibial 
side of the vessels in order to preserve the periosteal branches 
from the TA artery to the fibular diaphysis. A muscular cuff 
of the EDL and PL are taken to preserve the délicate perios¬ 
teal vessels. Exposure of the fibular head and the origin of the 
TA pedicle is done bysharplydividingthe extensor digitorum 
longus, peroneus longus, and peroneus brevis. This is done 
2 cm distal to their origin, preserving a muscular cuff that 
serves to protect the récurrent epiphyseal branch supplying 
the growth plate. The récurrent epiphyseal branch of the TA 
artery arises very close to the origin of the TA artery from 
common trunk of the popliteal artery. This is a very small 
and délicate artery and should not be separately isolated, but 
protected within this muscular cuff. 

During the séparation of the peroneal nerve from the TA 
pedicle, multiple muscular branches from the peroneal nerve 
are encountered and preserved throughout the dissection. 
These branches are sporadically encountered in the distal 
dissection, but more prévalent proximally. There is signifi- 
cant anatomie variation in the proximal motor branching of 
the peroneal nerve. In some circumstances, it is necessary to 
sacrifice 1 or more motor branches. These branches should 
be tagged for later neurorraphy or neurotization after the fib¬ 
ular dissection is completed. If it is necessary to intentionally 
sacrifice a motor branch, we prefer to do this close to its ori¬ 
gin off of the deep peroneal nerve for later primary neuror¬ 
raphy. Cutting the branch close to its entry into the muscle 
allows for retraction of the nerve into the muscle belly and 
inability for later primary neurorraphy. 

With the anterior fibula exposed and the neurovascular 
dissection completed, the distal osteotomy can be performed 
at the required length for the planned reconstruction, incising 
the periosteum distal to the osteotomy site, thereby retaining 
an extra “cuff” of periosteum. This can provide a potential 
source of healing at the récipient site when using that cuff to 
overlap the union site. After completing the osteotomy, the 
proximal tibiofibular joint is opened. The latéral collateral 
ligament is severed as distally as possible. The tendon of the 
biceps femoris is divided longitudinally, taking the posterior 
half of the tendon with the fibula. This is later used to stabilize 
the fibular epiphysis at the récipient site. The anterior half of 
the biceps femoris tendon will be used to augment the sta- 
bility of the latéral knee joint. Proximally, the branch of the 
descending genicular artery must be ligated. The médial col¬ 
lateral médial branches around the muscular cuff at the fibular 
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FIGURE 42B-7 Dissected fibular epiphysis and two thirds of the diaph- 
ysis on the tibialis anterior artery. (Copyright © Milan Stevanovic, MD 
and Frances Sharpe, MD.) 


head are divided. The séparation of the IOM can then be com- 
pleted and the fibular head subluxed laterally. Now the origin 
of the TA artery can be identified in the posterior compart- 
ment. Dissection of the proximal pedicle should be completed 
and vessel loops placed around the isolated pedicle. The distal 
pedicle should then be ligated and transected at the osteotomy 
site. The tourniquet may then be released. Adéquate perfu¬ 
sion should be noted either from bleeding from the muscular 
cuff or from the fibular diaphysis. Once the tissues hâve per- 
fused, the graft may be harvested close to the branching site of 
the TA from the popliteal vessels (Fig. 42B-7). 

Closure of the donor site requires meticulous hemosta- 
sis. Nerve branches are repaired under magnification. The 
preserved tendinous portion of the biceps femoris muscle 
should be secured through bone tunnels or suture anchors 
to the latéral portion of the tibia. Fascia is not closed. A drain 
is placed. The knee and ankle should be immobilized for 
approximately 3 weeks to protect the nerve repair and allow 
healing of the proximal anterior and latéral compartment 
muscles. At 3 weeks, a hinged knee brace may be used to 
neutralize varus stresses across the knee during healing of 
the repaired latéral structures. The immobilization may be 
discontinued at 6 weeks. 

PREPARATION OF THE RECIPIENT SITE 

Each récipient site présents a unique challenge related to 
access to récipient vessels, bone fixation, and patient réha¬ 
bilitation. Preoperative planning of anticipated récipient ves¬ 
sels and types of fixation along with alternative options can 
minimize surgical time and reduce difficultés associated 
with these complex cases. 

General guidelines for preoperative planning and site 
préparation are discussed above. Récipient sites require 
good récipient vessels with strong inflow. Ideally, a 2-team 
approach is taken to hâve 1 team preparing the récipient 
site and isolating the récipient vessels as the graft is being 
harvested. Stable fixation with plates reduces tension on the 
anastomotic site and promotes healing at the coaptation site. 
Intramedullary fixation is not used as this disrupts the end- 
osteal blood supply and is less stable. Plates that provide 4 to 
8 cortices of proximal and distal fixation and that can span 
the fibular graft are preferred. No periosteal stripping from 


the fibula is necessary below the plate. However, if the fibula 
is inserted into the medullary cavity, the periosteum from 
that portion of the fibula should be elevated off of the fibula 
and placed over the coaptation site. Liberal use of supplé¬ 
mentai bone graft from the iliac crest is used at the proxi¬ 
mal and distal sites. When the vascularized free fibula is not 
used as an osteofasciocutaneous flap, the outflow pressure is 
verylow. For this reason, we recommend the anastomosis of 
only a single vein in order to increase the outflow pressure 
and improve the success of the vascular transfer. We choose 
the vein with the highest flow for repair and ligate the other 
concomitant vein. Postoperatively the skin paddle is moni- 
tored to ensureflap survival. The patient is treated similar to 
other free flap transfers and is kept warm and well hydrated. 
Anticoagulation is not routinely used in our institution. 

Site-specific techniques are providedfor common recon¬ 
structive sites in the upper extremity. 

Site-specific Technique: Clavicle 

• Indications: Relatively rare. Large clavicular defects with 
cosmetic deformity, function disability at the shoulder, or 
pain (Fig. 42B-8). 

• Récipient vessels: Thoracoacromial artery and branch of 
the cephalic vein. 

• Alternate vessels: Tr ans verse cervical artery. 

• Fixation: Precontoured plate and screws. 



FIGURE 42B-8 Clavicular reconstruction: this 63-year-old woman 
developed a chronic infection of the clavicle after multiple failed fixa¬ 
tion attempts. She developed chronic pain at the nonunion site. After 
radical debridement and placement of an antibiotic spacer for 6 weeks, 
a vascularized free fibular graft was used to bridge a 6-cm defect. 
Preoperative CT scan showing the atrophie nonunion site is seen above. 
Five-month postoperative view shows fibular healing and incorpora¬ 
tion. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 
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• Pearls: If necessary, the fibula can be osteotomized to 
reconstruct the curvature of the cia vicie. 

• Immobilization: Sling x 6 weeks. Codman pendulum 
exercises. 

Site-specifîc Technique: Humérus 

• Indications: Large defect from tumor, trauma, or infec¬ 
tion. Can be used for humerai shaft reconstruction or pri- 
mary shoulder fusion 24 (Fig. 42B-9). 

• Pédiatrie patients: Sarcoma with need to reconstruct 
proximal humerai epiphysis. 

• Récipient vessels: End-to-side brachial artery or profun- 
dus brachii with concomitant veins. 

• Alternate vessels: Any proximal branch of the brachial 
artery or fibula can be rotated 180° and anastomosed to 
distal vessels from the brachial artery or profunda brachii 
or récurrent ulnar artery. 

• Fixation: If possible, place fibula 2 cm inside the proximal 
and/or distal medullary canal. Spanning 3.5- or 4.5-mm 
plate. Plate is preferably placed on the médial side. 

• Pearls: 

• The médial approach to the humérus provides easier 
access to the blood vessels, visualization and protection 
of the médian and ulnar nerves, and low risk of radial 


nerve in jury. Plate stabilization can be performed on 
the médial or anterior humérus through this approach. 

• Some authors recommend distal fixation of the fibula 
to the humérus. Vascular repair is facilitated by the 
ability to externally rotate the humérus. After complet- 
ing the vascular anastomosis, proximal osteosynthesis 
is completed. 22 

• Immobilization: Sling immobilization if fixation is 
stable. Shoulder immobilizer with abduction pillow 
and Desault or Velpeau bandaging are other options. 
Consider thoracobrachial casting if fixation is limited, 
especially for children requiring epiphyseal recon¬ 
struction. Casting can be performed preoperatively 
and 2 half shells created to facilitate postoperative 
placement. 

• Humerai fracture bracing should be used after 6 weeks 
of immobilization. Bracing should continue for activi¬ 
tés for at least 6 months postoperatively to reduce the 
risk of stress fracture. 60 

Site-specific Technique: Radius and Ulna 

• Indications: Large defect from tumor, trauma, or infec¬ 
tion. Epiphyseal transfer in children for growth arrest that 
starts at a very young âge (Fig. 42B-10). 



FIGURE 42B-9 Humerai reconstruction: a 42-year-old male sustained an open humérus fracture following motor cycle accident. The patient devel- 
oped an infection after initial surgical stabilization and failed 5 subséquent surgical attempts to eradicate the infection. The patient presented to our 
clinic 2 years after in jury with an open draining sinus and a bone defect filled by an antibiotic-containing cernent spacer. After radical debridement 
and spacer replacement, a vascularized free Fibula was used to reconstruct the distal half of his humérus. Additional surgery was necessary to achieve 
union at the distal coaptation site. Radiographically stable union was présent at 6 months. However, he recovered only a limited arc of motion at the 
elbow (40° flexion-extension arc). A. Radiographs at présentation with displaced antibiotic spacer and unstable arm. At présentation, the patient had 
undergone 5 surgical procedures and had been on antibiotic therapy for almost 2 years. Révision debridement, antibiotic spacer, and application of 
external fixator were perf ormed to préparé the soft tissue bed for reconstruction. B. At 4 months, there was good incorporation proximally, b ut limited 
progression of healing at the distal coaptation site. Supplémentai plate stabilization across the distal site and iliac crest bone grafting was performed to 
achieve Final union. C. Two-year follow-up radiographs. (Copyright © Milan S tevanovic, MD and Frances Sharpe, MD.) 
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FIGURE 42B-10 Radial reconstruction. A 40-year-old patient developed an infection of the radius following radial fracture stabilization. The patient 
failed multiple attempts to control infection and achieve union. The infection was treated with radical debridement of t he infected segment of the 
radius. An antibiotic-impregnated space was placed. Ten weeks later, the patient underwent radial reconstruction of a 10-cm defect using a vascular¬ 
ized free fibula transfer, harvested with a fasciocutaneous flap. Healing was radiographically stable by 3.5 months. A. Forearm appearance with spacer 
in place prior to reconstruction with vascularized free fibula and after free fibula. B. Cernent spacer in place in the radius. Spacer removed and planned 
reconstructive plate for spanning the ~ 10-cm defect. C. Fibular harveston peroneal pedicle. D. Forearm and function at 10 months. E. Radiographs at 
10 months. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 
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• Récipient vessels: End-to-side or end-to-end to the radial 
or ulnar arteries and concomitant veins. End-to-end 
anastomosis is preferred for osteoseptocutaneous flaps or 
flow-through flaps where the proximal and distal pero- 
neal artery is anastomosed to the proximal and distal 
récipient vessel (radial artery). 

• Alternate vessels: Anterior interosseous artery. 

• Fixation: Long spanning plates when possible: 

• Precontoured plate that r eproduces the radial bow for 
radius: 

Long plates that provide metaphyseal fixation are 
available. 

■ Similar for ulna: 

Incorporation of olecranon in fixation construct as 
needed 

• Pearls: 

■ Strive for good coaptation at the proximal and distal 
osteosynthesis sites. 

• Iliac crest cancellous bone grafting to reduce the risk 
of nonunion. 

• Immobilization: Long arm cast or sugar tong splint. 

Site-specific Technique: Wrist Fusion 

• Indications: Large defect from tumor, trauma, or infec¬ 
tion with loss of the articular surface of the distal radius 
(Fig. 42B-11). 

• Récipient vessels: End-to-side or end-to-end to the radial 
artery and concomitant vein. End-to-end anastomosis is 
preferred for osteoseptocutaneous flaps. 

• Alternate vessels: Princeps pollicis. 

• Fixation: Plate fixation to the third metacarpal distally 
with wrist fusion plate if available. Two plates may be nec- 
essary since fusion plates are usually not long enough to 
span both sites. A spanning plate that will accommodate 
metacarpal and radial diameters may also be used. 

• Pearls: 

• A trough is created in the carpus to accommodate the 
fibular graft. 

• Try to achieve 15° to 20° of dorsiflexion by bending 
the plate. 

• If anastomosis is done to the princeps pollicis, then 
the fibula should be rotated 180°. 

• Iliac crest bone grafting at proximal and distal union 
sites. 

• Above-elbow casting for 4 weeks can be converted to 
short arm casting through union. 

Site-specifîc Technique: Metacarpal 

• Indications: Relatively rare. We would use for first meta¬ 
carpal reconstruction foliowing tumor resection or severe 
trauma, especially in the setting of soft tissue loss. 61 

• Récipient vessels: Princeps pollicis and local superficial 
vein. 


• Alternate vessels: Radial artery and concomitant vein. 

• Fixation: Kirschner wires, screws, or small plates. 
Supplémentai external fixation to radius and second 
metacarpal for stress neutralization. 

COMPLICATIONS 

Complication rates folio wing vascularized free fibula grafting 
are frequent and combined donor- and recipient-site morbid- 
ity rates commonly range between 30% and 50%. 6,7,23,27,62-65 

Donor Site 

Donor-site morbidity is widely reported. Most patients 
generally hâve mild complaints of aching or stiffness at the 
donor site. 65 As with any surgical procedure, risks related to 
poor wound healing, hematoma formation, and infection 
can occur. More serious complications are rare, but include 
great toe motor weakness, cia wing of the great toe, subjective 
or objective ankle instability, valgus deformity, ankle stiff¬ 
ness, and transient and permanent peroneal motor and sen- 
sory déficits, and postoperative compartment syndrome. 65-71 

Shindo et al evaluated donor-site complications associ- 
ated with harvesting osteoseptocutaneous flaps and identi- 
fied a 7.5% incidence of major wound complications in 53 
patients and a 20% incidence of minor wound complications. 
AU major complications were seen in heavy smokers. 64 

Spécifie techniques to reduce donor-site complications 
include meticulous hemostasis at the donor site and use of 
drains to reduce the occurrence of postoperative hematoma 
formation, seroma formation, or compartment syndrome. 
Great toe weakness and flexion contracture can be mini- 
mized by a repair of the origin of the flexor hallucis muscle 
and postoperative immobilization in a splint with toe support 
for 3 weeks postoperatively. Instability or valgus deformity at 
the ankle may be reduced by syndesmotic screw placement 
when harvesting the fibula within 6 cm of the distal tibio- 
fibular syndesmosis. Later stabilization creating a tibiofibu- 
lar synostosis may be needed if instability persists. Peroneal 
nerve complications are frequently transient. Nevertheless, 
these can be minimized by gentle retraction and protection 
of the nerve during surgery. 

Récipient Site 

The most common recipient-site complication is a nonunion 
at the coaptation site(s) ( 12%-30%). 7,23,24,62,63,65 This is followed 
by stress fracture of the fibular graft (17%-20% for upper 
extremity reconstruction) 62,63,71 and infection (0%-10%). 25,26,63 

Stress fractures are less common in the upper extrem¬ 
ity than in lower extremity. Stress fracture rates hâve been 
reported at a 35% incidence in lower extremity tibial recon¬ 
struction 72 compared with a 17% stress fracture rate seen in 
the radius and ulna 71 and a 20% rate in the humérus. 63,73 Most 
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FIGURE42B-Il Radial reconstruction and wrist fusion for osteosarcoma. A 15-year-oldmalediagnosedwithosteosarcomaof the distal radius. The 
patient was treated with chemotherapy followed by radical resection of the distal radius andulna. Radial reconstruction and wrist fusion wasperformed 
immediately at the time of resection. Radiation therapy was started after wound healing. Bone union was achieved after 9 months. A. Presenting PA 
radiograph. B. Resected specimen and coronal cross-section. C. Radiographs at 4 months postoperative. D. Function at 4 months postoperative. 
(Copyright © Milan Stevanovic, MD and Frances S harpe, MD.) 
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stress fractures occurred within the first year of surgery, 
suggesting that external support in the form of a splint or 
fracture brace may be valuable during this recovery period. 
Partial or complété graft failure remains rare. Failure of the 
skin paddle is most frequently caused by venous congestion 
and can be salvaged nonsurgically if not severe. Failure or 
partial failure of the skin paddle does not always cor relate 
with failure of the fibular graft. 27 


OUTCOMES 

Successful union of the transferred vascularized fibula has 
been reported in several sériés to occur in greater than 
90% of patients. 20,21,74,75 Although Weiland reported a 100% 
union rate for ail upper extremity bone defects treated with 
a vascularized free fibula graft, Wood described in a larger 
sériés of patients a decrease in the union rate when includ- 
ing patients with defects of the humérus and cia vicie. Both 
sériés had 100% union rate for forearm defects treated with 
vascularized bone grafts. De Boer et al noted higher union 
rates when the bone loss was due to trauma (95% union 
rate) as compared with tumor and infection (92% and 59%, 
respectively). 72 Many patients required secondary surgeries 
to achieve union at the coaptation sites. 

In 1 of the largest sériés of vascularized bone grafts, 
Han et al from the Mayo Clinic reported the results of 132 
patients who underwent a vascularized free fibula transfer 
for upper or lower extremity reconstruction. Their overall 
union rate was 81%. Factors that positively correlated with 
union included reconstruction following tumor resection 
and congénital anomalies with poorer outcomes following 
bone resection for osteomyelitis. Stable fixation at the coap¬ 
tation site and supplémentai bone grafting also increased 
union rates, as did graft vascularity. 71 Falder et al also found 
stable fixation at the coaptation site correlated with higher 
primary union rates. 62 

The time to union was variable, ranging from 4.7 to 9 
months. Return to unrestricted activity was more difficult to 
détermine. Han et al reported return to unrestricted activ¬ 
ity for upper and lower extremity patients at 18 months. 71 
Jupiter et al reported 6 of 9 patients with radial reconstruc¬ 
tions returning to pre-injury occupation at an average of 2 
years post reconstruction. 44 

Graft hypertrophy was less consistent in the upper 
extremity than in the lower extremity. Falder et al noted graft 
hypertrophy in 3/6 (50%) upper extremity reconstructions 
compared with 14/16 (87.5%) lower extremity reconstruc¬ 
tions at time of final foliow-up that ranged from 5 months 
to 14 years. They acknowledge the work of De Boer who 
showed that minor variations in the position of the rota¬ 
tion of the fibular graft can give a false impression of radio¬ 
graphie hypertrophy, with 10° of rotation from the neutral 
position increasing the radiographically measured width by 
as much as 20%. 62 Lazar et al compared graft hypertrophy in 
the upper and lower extremities in a small group of patients. 
They found that the graft hypertrophied similar to the lower 


extremity and the extent of cortical thickening increased 
over time. 76 

Innocenti et al reported their expérience of vascular¬ 
ized reconstructions including the fibular epiphysis for 
reconstruction of the proximal humerai and distal radial 
epiphyses. Six patients who underwent reconstruction of the 
distal radius had regained approximately 70% of the range 
of motion of the contralatéral limb at an average 3-year 
folio w-up. There was remodeling of the distal fibular epiph¬ 
ysis that mimicked the normal contour of the distal radius 
and evidence of ongoing longitudinal growth in ail surviving 
patients (5/6). For the humerai epiphyseal reconstructions, 
Onoda et al reported on 8 skeletally immature patients. The 
follow-up ranged from 9 months to 10 years. The grafts 
retained their vascularity and the epiphysis remained open 
radiographically and demonstrated longitudinal growth. 
The fibular epiphysis had remodeled to mimic the appear- 
ance of the humerai head, and patients recovered approxi¬ 
mately 70% function of the contralatéral limb. 23 

SUMMARY 

Bone defects of the upper extremity managed with vascu¬ 
larized free fibular grafts either with or without a fasciocu- 
taneous flap can produce excellent cosmetic and functional 
results with immédiate structural integrity provided to the 
defectsite. The use of a biologie solution to bone déficits also 
provides structural longevity unlike that provided by endo- 
prosthetic reconstruction. 
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Nerve Compression 
Syndromes at the Elbow 

David J. Slutsky, MD 



PROXIMAL MEDIAN NEUROPATHY 
Pronator Syndrome 

Médian nerve compression neuropathies in the distal arm 
and forearm are extremely uncommon when compared with 
CTS. The more proximal of the médian nerve compression 
neuropathies is the pronator syndrome. The syndrome is 
classically associated with any of 4 potential areas of com¬ 
pression including the ligament of Struthers, the lacertus 
fibrosis, the aponeurotic fascia of the superficial or deep 
head of the pronator teres (PT), or the flexor digitorum sub- 
limus (FDS) arch. Both carpal tunnel syndrome and anterior 
interosseous nerve (AIN) entrapment should be excluded. 

ANATOMY 

The médian nerve arises from the médial and latéral cords 
of the brachial plexus. It contains the nerve root fibers from 
C6-T1. It lies latéral to the axillary artery but then crosses 
médial to it at the level of the coracobrachialis. At the elbow 
it travels behind the bicipital aponeurosis but in front of 
the brachialis. At distal part of the cubital fossa, the motor 
branches of the médian nerve consistently collect into 3 fas- 
cicular groups. 1 There is an anterior group (to the PT and 
flexor carpi radialis [FCR]), a middle group (motor to the 
FDS and hand intrinsics, sensory to the thumb, index and 
middle fingers), and a posterior group (to the AIN branch). 
These branch groups can be traced proximally without 
harm, within the main trunk of the médian nerve for 2.5 to 
10 cm. The nerve and artery pass through the antecubital 
fossa underneath the lacertus fibrosis and give off branches 
to the palmaris longus (PL), FCR, flexor digitorum super- 
ficialis (FDS), and rarely the flexor digitorum profundus 
(FDP). The nerve then dives between the deep and superfi¬ 
cial heads of the PT to which it supplies 1 to 4 branches. The 
fibrous arch of the PT lies 3 to 7.5 cm below the humerai epi- 
condylar line. The fibrous arch of the superficialis arch lies 
6.5 cm below the humerai epicondylar line. The médian 
nerve enters the forearm deep to the fibrous arch of the FDS 


and emerges beneath the radial side of the muscle belly of the 
middle finger superficialis where it is quite superficial and 
near the PL tendon. 

PATHOPHYSIOLOGY 

The nerve may be compressed by the ligament of Struthers 
that may or may not be associated with a supracondylar pro- 
cess (1% of cases). 2 It spans the supracondylar process and 
médial épicondyle and créâtes an arcade that contains the 
médian nerve and brachial artery. The ligament of Struthers 
has also been described in the absence of an associated 
supracondylar process. In the forearm, the médian nerve 
can be compressed by the PT, the FDS arch, or the bicipital 
aponeurosis. Rare causes of compression include a persistent 
médian artery, Gantzer muscle (accessory head of the FPL), 
and the palmaris profundus. 3 

HISTORY 

Clinical symptoms of pronator syndrome include forearm 
pain as well as paresthesiae and hypoesthesia in the médian 
nerve distribution. Symptoms are typically precipitated by 
activity, especially répétitive elbow flexion/extension and 
forearm pronation/supination. Nocturnal paresthesiae are 
not common unlike CTS. Numbness and tingling may also 
involve the thenar area supplied by the palmar cutaneous 
branch, which takes off proximal to the carpal transverse 
ligament and is not compressed in CTS. 

PHYSICAL EXAM 

Phalen and Durkan tests are négative unless CTS coexists. 
There may be a positive Tinel sign over the proximal nerve 
as well as a firm and tender PT and a tenderness along the 
médian nerve in the proximal forearm. Manual compression 
of the médian nerve over the PT for 30 seconds (ie, pronator 
compression test) may elicit paresthesiae in the médian nerve 
distribution. 4 Pain or paresthesiae produced by resisted fore¬ 
arm supination in combination with resisted elbow flexion 
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beyond 120° suggests compression at the bicipital aponeu- 
rosis. Paresthesiae resulting from resisted forearm pronation 
while the elbow is slowly extended from full flexion is indica¬ 
tive of compression between the 2 heads of the PT. Resisted 
proximal interphalangeal joint flexion of the middle finger 
producing paresthesiae in the radial 3 digits and/or pain over 
the FDS arch is consistent with entrapment under the fibrous 
origin of the FDS. These tests are however neither spécifie 
nor sensitive. 5 

ELECTRODIAGNOSTIC STUDIES 

NCS are rarely diagnostic f or pronator syndrome. There may 
be prolongation of the distal médian sensory latencies as 
well as a reduced amplitude of the compound motor action 
potential (CMAP) to the abductor pollicis brevis. There may 
be slowing of forearm conduction, but this can be mislead- 
ing since a reduced forearm NCV is seen up to 20% to 30% 
of the time when there is a markedly delayed distal médian 
motor latency due to severe CTS. This slowing was initially 
thought to be due to rétrogradé nerve demyelination but is 
currently attributed to test artifact. Sequential needle stimu¬ 
lation of the médian nerve in 1-cm incréments while record- 
ing from the APB may identify an area of focal conduction 
block near the PT muscle. Nerve conduction studies during 
provocative maneuvers such as elbow flexion, forearm pro- 
nation, and middle finger flexion against résistance do not 
increase the yield. 6-8 The EMG however may be of some 
value since membrane instability may be seen in the median- 
innervated muscles including the PT, FCR, and FDS. 

NONOPERATIVE MANAGEMENT 

The hallmark of treatment consists of activity modifica¬ 
tion and NSAIDs. Steroid injections are of no beneflt. 
Immobilization in an above-elbow splint with the elbow 
flexed 90° with slight forearm pronation and wrist flexion for 
4 to 6 weeks may relieve pressure and traction on the médian 
nerve. The majority of patients will respond to nonoperative 
therapy. 

SURGICAL INDICATIONS 

The diagnosis of this condition is mostly based on the exclu¬ 
sion of other causes. Many patients will hâve already under- 
gone a carpal tunnel release. The main indication is failure 
to improve to conservative treatment combined with repro- 
ducible physical flndings compatible with this diagnosis. 
A positive EMG demonstrating denervation of the proxi¬ 
mal forearm muscles or MRI evidence of nerve compres¬ 
sion due to an underlying tumor is another straightforward 
indication. 

CONTRAINDICATIONS 

A coexistent polyneuropathy, C6-7 radiculopathy, or a bra¬ 
chial plexitis (Parsonage-Turner syndrome) may mimic the 


physical findings and should be ruled out, since these condi¬ 
tions will not benefit from a médian nerve décompression. 

SURGICAL TECHNIQUE 

The procedure is performed under tourniquet control. An 
anteromedial incision is made Crossing the antecubital fossa, 
starting 5 cm above the elbow flexion crease. The médial 
antebrachial cutaneous nerve is isolated as it runs with the 
basilic vein. The médian nerve is identifled proximal to the 
elbow, next to the brachial artery, and it is traced distally, 
resecting the ligament of Struthers if présent. The nerve is 
foliowed through the 2 heads of the PT where branches from 
the anterior bundle (FCR, PT fascicles) are given off. Both 
the superflcial head of the PT and the FDS can be divided 
and tagged for later repair if better exposure is needed. The 
posterior (AIN branch) and the middle (intrinsic, sensory) 
bundles pass deep to the superficialis arch, which is also 
incised. Epineurotomy or internai neurolysis is of no beneflt. 
Subcutaneous transposition of the médian nerve is also not 
recommended. 

POSTOPERATIVE MANAGEMENT 

Postoperatively, the arm is placed in an above-elbow splint 
for comfort with the elbow flexed 90°, the forearm in mid- 
pronation, and the wrist in slight flexion. Gentle elbow 
range-of-motion exercises are begun after the flrst week 
unless it is necessary to protect the reattachment of the PT 
and/or FDS insertions. Résistive activities are avoided until 
6 to 8 weeks postoperatively. 

COMPLICATIONS 

One main complication is failure to improve due to a misdi- 
agnosis. Vascular in jury is a signifleant risk and meticulous 
hemostasis is necessary. Injury of the proximal muscular 
branches ranging from neuropraxia to lacération can be 
minimized by careful nerve handling. 

OUTCOMES 

Surgical décompression generally yields good results. 
Olehnik et al reported improvement in 77% of their patients 
with 33/36 patients returning to work. 4 A clinical sériés by 
Johnson et al and Hartz et al reported improvement in 92% 
of patients. 7,8 Patients with normal NCS seem to fare better 
than patients with abnormal studies, which may be related to 
the severity of the compression. 

Anterior Interosseous Nerve Syndrome 

Isolated AIN palsy is a rare occurrence. It accounts for <1% 
of ail upper extremity peripheral neuropathies. 2 It is still 
uncertain as to whether this syndrome is due to a neuritis 
and/or a compressive neuropathy. 
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ANATOMY 

The AIN is the largest muscular branch that emerges from 
the médian nerve. It innervâtes the FDP to the index and 
middle fingers, the FPL, and the pronator quadratus (PQ). 
The terminal portion also provides sensory innervation 
to the carpal joints. The AIN arises from the médian nerve 
on the dorsoradial surface about 5 to 8 cm distal to the médial 
épicondyle. The AIN travels between the FDS and FDP, and 
then passes dorsally in the inter val between the FPL and 
FDP, giving off 2 to 6 branches to each of these muscles. The 
nerve reaches the anterior surface of the interosseous mem¬ 
brane and travels with the anterior interosseous artery where 
it passes deep to the PQ that it also innervâtes. It ends by 
sending sensory afferent branches to the inter carpal, radio- 
carpal, and distal radioulnar joints. 

PATHOPHYSIOLOGY 

The AIN may be compressed by fibrous bands from the deep 
(most common) or superficial head of the PT, the fibrous 
arcade of the FDS, enlarged bursae or tumors, aberrant or 
thrombosed vessels, an accessory bicipital aponeurosis, and 
fractures of the forearm and distal humérus. 

HISTORY 

AIN syndrome (AINS) must be differentiated from a bra¬ 
chial plexus neuritis, that is, Parsonage-Turner syndrome. 9 
In a brachial neuritis there is usually no history of trauma. 
The pain symptoms may be unrelated to the motor findings, 
and can appear spontaneously or foliowing a viral illness or 
vaccination. By contrast, the patient with AINS will usually 
hâve a history of trauma or répétitive in jury. They typically 
complain of vague, aching pain in the proximal forearm, 
which occurs at rest and is exacerbated by activity. The 
patient can hâve difficulty with writing a nd pinching activi¬ 
tés, and they may hâve sensory abnormalities in the médian 
nerve distribution. 

PHYSICAL EXAM 

AINS is characterized by loss of function of the FPL and 
FDP to the index and sometimes the long finger and the 
PQ. Sensibility is unaffected. The patient cannot make an 
“O” sign (Fig. 43-1 A). During attempted tip pinch, the index 
finger extends at the distal interphalangeal joint with com- 
pensatory increased flexion at the proximal interphalangeal 
joint. The thumb hyperextends at the interphalangeal joint 
with increased flexion of the metacarpophalangeal joint. The 
PQ can be tested by resisted pronation with the elbow flexed 
to relax the PT. 

AINS can be incomplète, with either weakness or absence 
of the FPL or FDP of the index finger alone with normal PQ 
function. AU of the profundus tendons may be AIN inner- 
vated, with subséquent weakness of ail the fingers. The hand 
intrinsic muscles may be affected if there is a coexisting 


Martin-Gruber anastomosis. This is where C8-T1 motor 
fibers destined for the hand intrinsics travel in the médian 
nerve. They then cross over to the ulnar nerve, usuaUy 
through connections in the AIN (91%). If the FDS is also 
innervated by the AIN (30%), patients may présent with 
weakness in this muscle also. 10 

One must differentiate between AINS and rupture of the 
FDP or FPL, which may occur from rheumatoid arthritis, 
Kienbôck disease, and scaphoid nonunion. The integrity 
of these tendons can be assessed by observing the teno- 
desis effect of the FPL and the index FDP that causes pas¬ 
sive thumb IP and index DIP flexion with passive wrist 
extension. 

ELECTRODIAGNOSTIC STUDIES 

Shoulder girdle and upper limb EMG should be performed 
to rule out a brachial plexitis. In this case there wül be mem¬ 
brane instability in the proximal limb muscles. The most 
appropriate technique involves recording the CMAP from 
the PQ. The active surface electrode is placed in the mid- 
line dorsally, 3 cm proximal to the ulnar styloid. The médian 
nerve is stimulated at the cubital fossa. The mean onset 
latency for the PQ is 3.6 ± 0.4 müliseconds, with a side-to- 
side différence of 0.4 millisecond. Normal amplitudes range 
from 2.0 to 5.5 mV. 11 Side-to-side comparative latencies are 
helpful in establishing the diagnosis. EMG testing of the PQ 
and FPL muscles should demonstrate signs of membrane 
instability (Fig. 43-1 B). 

SURGICAL INDICATIONS 

If there is no improvement either clinically or by EMG stud- 
ies 4 to 6 months after onset, surgical exploration is indi- 
cated. Even though return of function has been reported up 
to 18 months after onset of symptoms, expectant treatment 
is less predictable than surgical intervention. 

SURGICAL TECHNIQUE 

The surgical approach for AIN palsy is essentially the same 
as for pronator syndrome. The procedure is performed 
under tourniquet control. An anteromedial incision is made 
Crossing the antecubital fossa, starting 5 cm above the elbow 
flexion crease. The médial antebrachial cutaneous nerve is 
isolated as it runs with the basilic vein. The médian nerve is 
identifled proximal to the elbow, next to the brachial artery, 
and it is traced distally, resecting the ligament of Struthers if 
présent. The nerve is foliowed through the 2 heads of the PT 
where branches from the anterior bundle (FCR, PT fascicles) 
are given off. Both the superficial head of the PT and the 
FDS can be divided and tagged for later repair if better expo- 
sure is needed. The posterior (AIN branch) and the middle 
(intrinsic, sensory) bundles pass deep to the superflcialis 
arch, which is also incised. A microscopie interfascicular 
neurolysis of the AIN up to the elbow should be considered 
in cases where there is no obvious compression site since 
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hourglass-like fascicular constrictions that are not discern- 
ible through the intact epineurium hâve been reported. 12 

POSTOPERATIVE MANAGEMENT 

The arm is placed in a bulky, above-elbow plaster splint that 
maintains the elbow at 90° of flexion, the forearm in 45° of 
pronation, and the wrist in slight flexion for comfort. 



FIGURE 43-1 Anterior interosseous nerve compression. A. Inability 
to perform the “O” sign. B. Needle placement during EMG of the pro- 
nator quadratus. C. Anteromedial approach to the médian nerve. Note 
the fibrous border of the sublimus muscle. AIN, anterior interosseous 
nerve; PT, pronator teres. D. Following release of the sublimus arch 
(FDS). E. Clinical photo at 8 months showing active flexion of the distal 
phalanx of the index but no active thumb interphalangeal joint flexion. 


COMPLICATIONS 

The anatomy and hence the complications are virtually 
identical to those of pronator syndrome. 

OUTCOMES 

Clinical improvement may be seen for up to 1 year follow¬ 
ing surgery, but recovery is often incomplète (Fig. 43-1C-E). 
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Nonsurgical management is recommended for brachial 
plexus neuritis-induced AIN palsy. 

ULNAR NEUROPATHIES 
Proximal Ulnar Neuropathy 

Ulnar nerve compression at the elbow is second only to 
médian nerve compression in the carpal tunnel as the most 
common neuropathy in the upper limb. 

ANATOMY 

The ulnar nerve arises from the médial cord of the brachial 
plexus. It contains the nerve root fibers from C8-T1. It pro¬ 
vides the motor supply to the hypothenar muscles, the ulnar 
2 lumbricals, the interosseous muscles, the adductor pollicis, 
flexor carpi ulnaris (FCU), and the profundus to the ring and 
small fingers. Its sensory distribution includes the palmar 
surface of the small and the ulnar half of the ring finger as 
well as the dorsoulnar carpus. It lies médial to the axillary 
artery and continues distally to the midarm. It then passes 
through a fibrous canal (erroneously labeled the arcade of 
Struthers) from the anterior to the posterior compartments 
of the arm. The canal is approximately 6 cm in length with 
the proximal extent located approximately 10 cm from the 
médial épicondyle. The proximal opening of the canal is a 
V-shaped window made up of the médial intermuscular sep¬ 
tum that divides the anterior and the posterior compartments 
of the arm and the internai brachial ligament. 13 The internai 
brachial ligament supports the origin of the most superficial 
layer of the médial head of the triceps, from the inferior bor¬ 
der of the teres major to its fusion back to the septum. This 
layer appears as an oblique muscular curtain covering t he 
médial aspect of the ulnar nerve. In 1 anatomie study, the 
internai brachial ligament was présent in 22/30 specimens. 14 
The septum makes up the anterior part of the canal; the rest 
is made up of deep investing fascia and épimysium of the tri¬ 
ceps muscle. The nerve is often accompanied by the superior 
ulnar collateral artery. At the elbow it lies between the médial 
épicondyle and the olecranon where it is covered by Osborne 
ligament. It enters the forearm between the 2 heads of the 
FCU covered by a fibrous aponeurosis (the cubital tunnel). It 
runs deep to the FCU until the distal forearm. 

PATHOPH Y SIOLOG Y 

The ulnar nerve may be compressed anywhere from 10 cm 
proximal to approximately 5 cm distal to the médial épicon¬ 
dyle. Five potential sites f or compression hâve been described. 
The most proximal site is the point at which the ulnar nerve 
takes a direction change as it passes through the V-shaped 
canal from the anterior to the posterior compartments of the 
arm. Hourglass indentations of the nerve were found at this 
point in 11/11 cadaver arms. 12 Although this has been labeled 
the arcade of Struthers, recent investigators hâve shown 


this to be historically incorrect. 15,16 They note that Sir John 
Struthers did not, in fact, describe an arcade over the ulnar 
nerve, but that he did describe the internai brachial ligament. 
Other investigators however hâve noted a musculotendinous 
arcade in 8/60 cadaver arms that could form a secondary 
compression site after anterior transposition of the ulnar 
nerve. 17 The second site is at the médial épicondyle when a 
cubitus valgus deformity is présent. The third site is the olec¬ 
ranon groove, which is a fibro-osseous tunnel bounded ante¬ 
rior ly by the médial épicondyle, laterally by the olecranon 
and ulnohumeral ligament, and covered by a fibroaponeu- 
rotic band. Compression at this site can be caused by lésions 
within the groove such as tumors, conditions outside the 
groove such as external compression or anomalous muscles, 
and conditions that prédisposé the nerve to displace from 
the groove. The fourth site is where the nerve passes between 
the 2 heads of the FCU muscle. The floor of the passageway 
through FCU is the médial collateral ligament of the elbow 
and the roof is a fibrous band (Osborne ligament, the arcu- 
ate Ligament) that is a continuation of the fibroaponeurotic 
covering of the epicondylar groove. 18 In some instances an 
anomalous muscle, such as the anconeus epitrochlearis, can 
compress the nerve (Fig. 43-2). 

At the elbow the ulnar nerve contains about 20 fascicles 
including the motor branches to the forearm muscles. The 
fascicles within a nerve are not uniformly affected by com¬ 
pression. Those on the periphery of a nerve sustain greater 
injury than centrally placed fascicles. The motor fascicles 
to the FCU and the intrinsics are centrally located, whereas 
the sensory fibers are superficially located. The usual sites of 
compression in cubital tunnel syndrome are superficial to 
the nerve (Osborne ligament, arcade of Struthers). 19 The 
internai topography of the ulnar nerve at the elbow explains 
the relative sparing of the FCU and FDP since their motor 
fibers lay deep within the nerve. 20 The intrinsics are often 
uninvolved until the late stages of compression for similar 



FIGURE 43-2 Anconeus epitrochlearis. Note how this anomalous 
muscle attaches to the fibroaponeurotic bands (forceps) that arc over 
the ulnar nerve (*) as it traverses the olecranon groove. 
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reasons, whereas the superficially located sensory fibers are 
more susceptible to early compression. 

HISTORY 

The patient présents with complaints of numbness and/or 
tingling in the small and/or ring finger. Symptoms can range 
from mild numbness in the ring and little fingers to severe 
pain on the médial aspect of the elbow with dysesthesias 
radiating distally into the hand. In chronic cases, patients 
may complain of a loss of dexterity with fine manipulation 
tasks. Symptoms are provoked by répétitive or sustained 
elbow flexion activities. 


PHYSICAL EXAM 

The ulnar nerve is palpated for enlargement or subluxation 
during elbow flexion. There may be a positive Tinel sign at 
the epicondylar groove or over the proximal FCU. An elbow 
flexion test is performed and consists of placing the elbow in 
full flexion with a hyperextended wrist, while manual pres¬ 
sure is applied to the nerve for 1 minute. 21 The test is con- 
sidered positive when paresthesiae and/or numbness occur 
in the ulnar nerve distribution of the hand. False-positive 
results occur in approximately 10% of patients. 

There may be a sensory déficit involving ail or part of the 
ulnar nerve distribution including the dorsoulnar carpus. 

When intrinsic muscle weakness is s evere, there is often 
clawing of the ring and little fingers. One may see a posi¬ 
tive Froment sign (flexion of the interphalangeal joint of 
the thumb with side pinch), a positive Jeanne s sign (hyper¬ 
extension of the metacarpophalangeal joint of the thumb), 
and paradoxical abduction of the small finger due to a para- 
lyzed third palmar interosseous (positive Wartenberg sign). 
Extrinsic weakness may involve theFDPtothe little finger 
and ring finger. Weakness of the FCU rarely occurs. 

ELECTRODIAGNOSTIC STUDIES 

Ulnar Nerve Motor Studies. Ulnar motor studies are more 
popular than ulnar sensory studies. The distal motor latency 
is determined by recording from an electrode placed over the 
midpoint of the abductor digiti minimi (ADM) while stimu- 
lating the ulnar nerve 8 cm proximally (SI). Normal values 
include a DML <3.6 milliseconds and amplitude >4.0 MV. 
Alternatively, the latencies can be measured from the first 
dorsal interosseous (FDI), which then assesses conduction 
through the deep motor branch of the ulnar nerve. The FDI 
to ADM latency should not exceed 2.0 milliseconds. The 
ulnar nerve is then stimulated 4 cm distal to the médial épi¬ 
condyle (S2). By subtracting the latency for SI from S2 and 
measuring the intervening distance, the forearm conduction 
velocity is obtained. Ulnar nerve conduction across the cubi¬ 
tal tunnel is calculated by stimulating the nerve at S3, which 
is 12 cm proximal to S2, and subtracting the latencies. Most 
labs measure conduction with the elbow flexed between 


90° and 135°. Normal forearm NCV is >48 m/s. Across 
the cubital tunnel the NCV should be >45 m/s. More than 
10 m/s of slowing between the above- and below-elbowNCV 
is abnormal. Amplitude drops of >20% are a more sensitive 
indicator of conduction block or axonal loss. 

Ulnar Nerve Sensory Studies. Ring électrodes are placed 
on the small finger and the ulnar nerve is stimulated 14 cm 
proximally. Recordings are also taken from the ring finger 
after stimulation of both the ulnar and médian nerves. This 
allows for comparison of the ulnar to the médian SNAPs. 
Normal peak sensory latencies are <3.5 and <0.5 millisec¬ 
onds median-ulnar différence. Mixed palmar orthodromie 
studies can be elicited by stimulating the ulnar nerve in 
the fourth web space and recording over the ulnar nerve 
at the wrist 8 cm proximally. This measures the sensory 
nerve conduction through Guyon canal. Normal values are 
<2.2 milliseconds. 

Conduction velocities can be misleading if the surface 
measurement of the nerve is off, even by 1 cm. Testing inac- 
curacies also occur following ulnar nerve transposition, 
since the nerve no longer follows its anatomie course. With 
longer conduction distances an area of focal block may be 
missed since it tends to be averaged out. Segmentai stimula¬ 
tion of the ulnar nerve skirts these pitfalls and is a sensitive 
method for determining focal conduction abnormalities. 
Measurement errors are minimized since the nerve is local- 
ized at each stimulation site. If the nerve is stimulated in 
1-cm segments, a >0.40-millisecond jump in NCV is indica¬ 
tive of a focal abnormality. If the nerve is stimulated in 1-in 
incréments, a >0.75-millisecond jump is abnormal. 22 There 
is a poor corrélation between the area of focal conduction 
block and the site of entrapment at time of surgery. This 
is likely due to the fact that if there is a partial conduction 
block, it is necessary to turn up the gain on the stimulation 
in order to obtain a response. With increasing current, the 
current flow tends to arc ahead of the stimulation, resulting 
in depolarization ahead of the applied stimulus site. 

Across-elbow sensory nerve studies hâve also been 
described. 23 The above- and below-elbow stimulation sites 
are the same as S2 and S3 for the motor studies, but in this 
case the SNAPs are recorded from ring électrodes placed on 
the small finger. Normal NCV values are >50 m/s. Combining 
ulnar motor and sensory techniques adds useful informa¬ 
tion in complex cases, where clinical exam fails to localize 
the lésion. Conduction to the dorsal cutaneous branch of the 
ulnar nerve can be measured. This test is relatively insensi¬ 
tive for detecting proximal ulnar nerve compression, since 
it is abnormal in only 55% of patients with cubital tunnel 
syndrome. 24 

Electromyography demonstrates axonal degeneration in 
muscles. Since these changes are seen in chronic neuropa¬ 
thies, electromyography is not as useful as conduction times 
for the diagnosis of early nerve compression. When muscle 
abnormalities are noted, they are usually initially seen in the 
intrinsic muscles, generally the FDI, foliowed in frequency 
by the muscles in the hypothenar eminence. 
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NONOPERATIVE TREATMENT 

Most acute or subacute cases résolve by activity modifica¬ 
tion with avoidance of activities that require répétitive elbow 
flexion and avoiding external pressure from leaning on their 
médial elbow or forearm. Alterations can s ometimes be made 
in the workplace such as positioning a computer keyboard 
so that the operators elbows are not acutely flexed. When 
symptoms are severe and hâve persisted for weeks, tempo- 
rarily immobilizing the elbow in approximately 35° of flex¬ 
ion and the wrist in neutral may provide relief Patients are 
instructed to wear the splint day and night for 3 to 4 weeks. 
Nonsteroidal anti-inflammatory can be helpful, but cortico- 
steroid injections around the nerve are ineffective. 

SURGICAL INDICATIONS 

Sensory loss in the ulnar nerve distribution with EMG and 
clinical evidence of intrinsic denervation are major indica¬ 
tions. In these cases conservative treatment is not j ustified. 
Across-elbow motor conduction <45 m/s with a >20% drop 
in amplitude is another strong indication. Relative drop of 
>10 m/s is a softer indication thatshouldbe approached cau- 
tiously, since technical error can produce this quite easily. 
Focal slowing on segmentai stimulation is another appropri- 
ate indication. 

CONTRAINDICATIONS 

Ulnar nerve symptoms due to brachial plexus compression 
from a Pancoast tumor or a C8-T1 radiculopathy are infre¬ 
quent contraindications. Some authors maintain that nor¬ 
mal electrodiagnostic studies are another contraindication 
to surgery. Patients with normal electrodiagnostic studies 
but appropriate signs and symptoms (McGowan Stage I: par- 
esthesia and numbness but no weakness) however can s till 
benefit from surgery and are appropriate candidates if con¬ 
servative measures over a 3- to 6-month period hâve failed. 25 

SURGICAL TECHNIQUE 

Surgery can be divided into 2 groups of procedures, décom¬ 
pression withouttransposition of the ulnar nerve and décom¬ 
pression with transposition of the nerve. The procedures are 
performed under axillary block or general anesthésia using 
a tourniquet. 

SUBCUTANEOUS ANTERIOR TRANSPOSITION 

A 5-cm posteromedial incision is made centered around the 
médial épicondyle. Branches of the médial antebrachial cuta- 
neous nerve are identified and protected. The deep fascia 
overlying the proximal ulnar nerve is divided as well as any 
associated ligament of Struthers. The fascia over the nerve 
is released sequentially: first in the upper arm, followed 
by the f ibroaponeurotic covering of the epicondylar groove, 
then Osborne ligament at the cubital tunnel, and, finally, 
the fascia where the nerve passes between the 2 heads of the 


FCU. A 1-cm segment of the médial intermuscular septum 
is resected where it attaches to the épicondyle to prevent a 
secondary site of compression, taking care to prevent in jury 
to fragile veins médial to the septum. Articular branches to 
the elbow are divided, but motor branches to the FCU should 
be preserved. A vessel loop is placed around the nerve that 
is then gently transposed anterior to the médial épicondyle 
along with the superior ulnar collateral vessels. A 1 cm wide 
medially based flap of fascia from the common flexor origin 
can be turned down and sutured to the proximal skin edge to 
prevent posterior subluxation of the nerve. The patient uses 
a sling for comfort postoperatively and is started on progres¬ 
sive elbow extension as tolerated. These same principles can 
be applied to a mini-incision technique (Fig. 43-3A and B). 



FIGURE 43-3 A. Mini-incision subcutaneous ulnar nerve transposi¬ 
tion. B. Création of a fascial sling to prevent posterior subluxation of 
the ulnar nerve after transposition. 
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SUBMUSCULAR TRANSPOSITION 

A slightly larger incision is made and the nerve is decom- 
pressed in a similar fashion. A Z-plasty lengthening of the 
common flexor origin is preserved and the nerve is trans- 
posed deep to the muscle. Care must be taken to divide the 
fibrous attachment of the FDS to the humerai épicondyle to 
prevent secondary impingement while avoiding injury to the 
médial collateral ligament of the elbow. The ulnar nerve is 
now positioned onto the bed of the brachialis muscle. The 
flexor-pronator mass is then repaired with 2-0 nonabsorb- 
able sutures (Fig. 43-4A-C). Postoperatively the elbow is 
immobilized at 90° for 4 weeks, allowing elbow flexion but 
no extension. The elbow is then gradually extended over the 
ensuring 2 to 4 weeks. 

COMPLICATIONS 

The most dire complication is ulnar nerve lacération. More 
commonly, in jury to the médial antebrachial cutaneous nerve 
results in a tender scar and hypoesthesia along the médial 
forearm. In jury to the superior ulnar collateral artery or its 
branches is a cause of postoperative hematoma. The médian 
nerve lies on the brachialis just behind the médial intermus- 
cular septum and is at risk during resection of the distal sep¬ 
tum or with aggressive retraction. Large intramuscular veins 
médial to the septum can also be injured during this step 
and are ver y difficult to ligate. Secondary entrapment due 
to création of a fascial sling can occur with subcutaneous 
transpositions. Postoperative ulnar nerve subluxation due to 
a failure of this sling can resuit in painful paresthesiae with 
elbow flexion. Secondary impingement may also occur fol- 
lowing a submuscular transposition due to a failure to release 
the deep fibers of the sublimus origin on the médial épicon¬ 
dyle. The ulnar collateral ligament can also b e injured during 
this step that can lead to postoperative elbow instability. 

OUTCOMES 

As in CTS, the patients clinical findings and response to 
conservative measures should be a major déterminant in the 
surgical decision making. In 1 study, 92% of patients recov- 
ered grade 3 motor strength or better. 26 The results are largely 
determined by the preoperative degree of compression. When 
there are constant symptoms, demyelination is présent and 
recovery may take 6 to 8 months. Residual sensory complaints 
are common. Even though intrinsic wasting rarely recovers in 
an adult, prévention of further denervation is crucial. 

RADIAL NEUROPATHIES 

Upper Arm 

ANATOMY 

The radial nerve arises from the posterior cord of the bra¬ 
chial plexus. It receives contributions from C5-C8 spinal 



FIGURE 43-4 Submuscular ulnar nerve transposition. A. The ulnar 
nerve has been released and is being retracted by a vessel loop. The 
Z-plasty lengthening of the common flexor origin has been out- 
lined. B. Scissors are behind the fibrous origin of the sublimus that 
must be released to prevent secondary ulnar nerve impingement 
foliowing transposition. C. Course of the ulnar nerve (*) foliow- 
ing the submuscular transposition and repair of the common flexor 
origin. 
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roots. The nerve contains approximately 16,000 myelinated 
fibers. It runs médial to the axillary artery. At the level of 
the coracobrachialis it courses posteriorly to lie in the spi¬ 
ral groove of the humérus. In the lower arm it pierces the 
latéral intermuscular septum to run between the brachialis 
and brachioradialis. Opposite the head of the radius there 
are some fibrous bands from the joints capsule and imme- 
diately distal to this, the nerve is regularly crossed by sev- 
eral prominent veins, the “leash of Henry.” It divides 2 cm 
distal to the elbow into a superficial radial sensory branch 
(SRN) and a deep motor branch, the posterior interosseous 
nerve (PIN). It gives off branches to the extensor carpi radia- 
lis longus and brevis, brachioradialis, and anconeus before 
giving off the PIN branch. The PIN continues on between 
the superficial and deep head of the supinator muscle, to exit 
on the dorsal forearm. After it emerges from the distal bor¬ 
der of the supinator, the PIN sends branches to the extensor 
digitorum communis, extensor carpi ulnaris, extensor digiti 
quinti, extensor pollicis longus and brevis, and the extensor 
indicis proprius (EIP) in descending order, although there 
may be considérable variation. 

HISTORY 

In the arm région, the radial nerve is often injured in asso¬ 
ciation with some form of unconsciousness. In a Saturday 
night palsy, an obtunded patient sits with their arm over a 
chair back or rests their head on the latéral surface of their 
arm. Alternatively, the radial nerve can be compressed in the 
groove between the brachialis and forearm muscles when 
1 person rests their head on the middle third of the arm of 
another, that is, honeymooner’s palsy. 

PHYSICAL EXAM 

The patient will typically présent with a wrist drop and an 
inability to extend the fingers, thumb, or wrist. In addi¬ 
tion, the brachioradialis will be affected along with variable 
involvement of the triceps. They will also hâve diminished 
sensation over the dorsum of the first web space. 

ELECTRODIAGNOSTIC STUDIES 

The NCS typically demonstrates the absence of the super¬ 
ficial radial SNAP. 26 Motor recordings are more difficult 
since no muscle is sufficiently isolated from other radially 
innervated muscles. A surface electrode over the EIP results 
in a volume-conducted response from the adjacent radial 
innervated muscles, which makes side-to-side amplitude 
comparisons difficult. Radial nerve recordings using needle 
électrodes in the EIP are more common as a resuit, which 
makes it difficult to approximate the degree of axonal loss by 
assessing the amplitudes. The EMG however is quite useful, 
and permits a relativelyaccuratelocalization of the lésion. In 
a spiral groove lésion, for example, ail 3 heads of the triceps 
should be normal, with denervation of the brachioradialis 
and ail muscles distal to it. 


SURGICAL INDICATIONS 

For the majority of patients, nonoperative treatment is 
the mainstay. A failure to improve within 6 months com- 
bined with a nonadvancing Tinel sign is an indication for 
exploration. 

CONTRAINDICATIONS 

The time for reinnervation must thus take the distance from 
the in jury to the motor end plate into account. As a general 
rule, motor end plates dégradé at about 1% per week, and 
the nerve regenerates about 1 in per month. By 12 months 
the nerve will hâve grown approximately 12 in and there will 
be a 50% loss of end plates; hence, the maximum length that 
a nerve can grow to restore motor fonction is approximately 
13 to 18 in. For practical purposes, nerve décompression will 
be of no value with injuries that are more than 18 months old 
(>75% loss of end plates) and alternative methods should be 
explored. 

SURGICAL TECHNIQUE 

A 6- to 8-cm incision is made over the postérolatéral aspect 
of the midhumerus. The radial nerve is identified in the spi¬ 
ral groove and followed distally through the intermuscular 
septum. Any obvious areas of nerve constriction or loss of 
the normal striations (bands of Fontana) should undergo a n 
epineurolysis. The use of intraoperative nerve stimulation 
will help differentiate a neuroma-in-continuity from non vi¬ 
able nerve tissue. In the former case an internai neurolysis is 
justified versus excision and grafting. 

POSTOPERATIVE MANAGEMENT 

Immédiate elbow mobilization is instituted foliowing nerve 
décompression or neurolysis. Nerve grafting may require 
temporary elbow splinting for 4 weeks, but it is préférable 
to insert a graft of sufficient length to allow early elbow 
extension. 

COMPLICATIONS 

The radial nerve is accompanied by the radial collateral 
artery in the spiral groove, which is at risk during décom¬ 
pression. Injury to the muscular branches may resuit in per¬ 
manent denervation of 1 or more heads of the triceps. Injury 
to the posterior cutaneous nerve of the forearm may resuit in 
a tender scar and hypoesthesia. 

Forearm 

Entrapment of the PIN at the elbow can resuit in 2 separate 
clinical syndromes. Although the same nerve is compressed, 
the clinical présentation may be different and merely rep- 
resents 2 ends of the spectrum of PIN compression. The 
PIN is said to be a motor nerve, but it also contains sensory 


596 


Section VI Elbow 


nerve branches from which the pain from radial tunnel com¬ 
pression is derived. The different clinical présentation may 
reflect the internai fascicular topography of the radial nerve. 
Pain symptoms predominate with nerve compression sec- 
ondary to superficial structures and motor paralysis occurs 
from compression from below due to lésions arisingfrom the 
radiocapitellar joint. 

PATHOPHYSIOLOGY 

As it travels distally through the radial tunnel the PIN may 
potentially be entrapped by fibrous bands anterior to the 
radiocapitellar joint, the radial récurrent leash of vessels, the 
fibrous edge of the extensor carpi radialis brevis (ECRB), 
the proximal border of the supinator, that is, the arcade of 
Frohse, or the distal edge of the supinator muscle. 

Radial Tunnel Syndrome 

HISTORY 

The presenting complaint in radial tunnel syndrome is proxi¬ 
mal forearm pain often coexisting with latéral epicondylitis, 
without s ensory or motor loss. The patient often gives a history 
of performing répétitive pronation/supination activities such 
as using a screwdriver. The symptoms of radial tunnel syn¬ 
drome often coexist and overlap those of latéral epicondylitis. 

PHYSICAL EXAM 

A number of provocative tests hâve been described includ- 
ing resisted extension of the middle finger, which tenses the 
ECRB and entraps the nerve, tenderness over the supinator 
muscle, and pain with resisted supination. None are pathog- 
nomonic for this condition however. 26 A diagnostic local 
anesthetic block of the PIN that produces a temporary wrist 
drop is useful if the pain is completely relieved. 

ELECTRODIAGNOSTIC STUDIES 

Classically the NCS is normal in radial tunnel syndrome. 
Some authors hâve postulated that this syndrome reflects 
a dynamic entrapment of the PIN. If the ECRB develops a 
fibrous edge, the PIN can be entrapped by a scissoring action 
between this edge and the arcade of Frohse during répétitive 
forearm supination and pronation. This can lead to intermit¬ 
tent PIN compression. Differential latency testing is based on 
this premise. 27 Across-elbow radial motor nerve conduction 
is performed with the elbow extended and the forearm posi- 
tioned in neutral, pronation, and supination for 30 seconds. 
The testing is then repeated. An abnormal latency différence 
of >0.30 millisecond is indicative of radial tunnel entrapment. 

NONOPERATIVE MANAGEMENT 

The majority of cases will résolve with activity modifica¬ 
tion. In the earlystages above-elbowsplinting with the elbow 
flexed to 90° and the forearm in supination will relieve the 


dynamic compression and allow the inflammatory response 
around the PIN to subside. PIN gliding exercises will help 
maintain nerve excursion and consist of simultaneous elbow 
extension, forearm pronation, wrist flexion, and ulnar dévia¬ 
tion. In many instances the treatment that is instituted for 
a coexisting latéral epicondylitis will also résolve the symp¬ 
toms of radial tunnel compression. 

SURGICAL INDICATIONS 

Persistent proximal forearm pain that does not résolve 
despite appropriate activity modification is an indication for 
décompression, especially if a latéral epicondylectomy has 
already been performed. Complété pain relief foliowing a 
diagnostic PIN block is a good predictor of at least partial 
improvement folio wing surgery in my expérience. 

CONTRAINDICATIONS 

The existence of this disorder is still questioned by some 
authors. AU efforts should be made to rule out other causes 
of pain such as radiocapitellar joint disorders, latéral elbow 
instability, and untreated latéral epicondylitis. 

SURGICAL TECHNIQUE 

The volar approach to the radial nerve is through an 8-cm 
antérolatéral incision under tourniquet. The muscular fascia 
is divided and the intermuscular interval between the brachi- 
alis and brachioradialis is developed with blunt dissection. 
Récurrent branches from the radial artery must be ligated 
to gain access to both nerve branches. The radial nerve is 
identified proximal to the elbow and foliowed distally. At the 
level of the radial head the radial nerve gives off branches 
to the ECRB and brachioradialis that should be protected. 
It then divides into the superficial radial nerve branch that 
travels distally under the brachioradialis. The PIN contin¬ 
ues distally crossed by the radial récurrent vessels that are 
ligated. The proximal border of the supinator muscle (the 
arcade of Frohse) is divided along with the superficial head 
of the supinator. The PIN disappears from view at this point 
as it pénétrâtes the dorsal extensor compartment. If there is 
a suspicion of distal entrapment, a separate dorsal approach 
to the PIN is necessary. This can be accomplished by extend- 
ing the incision distally and dorsally, or a separate incision 
is made. The PIN nerve is then approached through a dor- 
solateral approach, developing the plane between the ECRB 
and the extensor digitorum communis (Fig. 43-5A-D). At 
this level, the PIN contains motor fibers only; hence, sepa¬ 
rate fascicle identification is unnecessary. The distal border 
of the supinator is delineated and divided. 

OUTCOMES 

Early reports of radial tunnel décompression were gener- 
ally optimistic. Beasley and coworkers reported 80% good 
or exceUent results in their sériés of 109 décompressions. 28 
A recent review by Sotereanos et al however found good 
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results in only 11/28 patients, with many patients experienc- 
ing residual symptoms. 29 The results were worse in patients 
receiving workers’ compensation. 

COMPLICATIONS 

The potential complications are similar for radial tunnel 
syndrome and PIN décompression. The main indication to 
ligate the radial leash of vessels is to prevent postoperative 
bleeding, since they are a rare cause of compression by 
themselves. The superficial radial nerve is at risk for in jury 
through lacération or retraction. Persistent radial tunnel 
syndrome due to unrelieved PIN compression at the distal 
border of the supinator may require repeat surgery. 

Posterior Interosseous Nerve Entrapment 

HISTORY 

In PIN syndrome the presenting symptoms are weakness 
and/or paralysis of the extensor muscles, which resuit in a 
wrist or finger drop. There may be a history of a fall onto an 



FIGURE 43-5 Combined anterior and postérolatéral approach for 
radial tunnel décompression. A. Skin incision for combined approach. 
B. Exposure of the PIN (*) between the extensor carpi radialis brevis 
and the extensor digitorum communis. C. Dissection of the superficial 
radial nerve (SRN) showing its relation to the PIN. Note the radial leash 
of vessels (*). D. After skin closure. 


extended and pronated arm, although many cases a re spon- 
taneous, especially if due to an underlying lipoma, ganglion, 
or rheumatoid nodule arising from the radiocapitellar joint. 

PHYSICAL EX AM 

The patient will prevent with variable weakness or paraly¬ 
sis of the EPL, EIP, EDC, and ECU. Motor function of the 
ECRB/L should be preserved since they are innervated before 
the PIN dives between the 2 heads of the supinator muscle. 
The patient will hence extend their wrist in radial déviation. 

ELECTRODIAGNOSTIC STUDIES 

PIN lésions do not affect the superficial radial SNAP, which 
should be normal. The CMAP of PIN-innervated muscles 
may show a drop of conduction velocity or amplitude, but 
this is difficult to assess with surface électrodes. Needle 
EMG is the best technique for localization, especially with 
partial lésions. 19 In acute denervation decreased recruitment, 
increased insertional activity, and fibrillation potentials 
± positive sharp waves are présent. In chronic lésions seen 
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after 3 to 6 months, decreased recruitment may still be seen 
along with giant motor unit potentials and polyphasia due to 
peripheral axonal ingrowth. 

NONOPERATIVE MANAGEMENT 

Unless preoperative imaging studies reveal a mass-occupying 
lésion compressing the PIN, most are treated with observa¬ 
tion and serial EMG studies. A wrist splint may be used for 
comfort. 

SURGICAL INDICATIONS 

MRI evidence of any type of mass compressing the PIN is an 
indication for exploration and décompression. In idiopathic 
cases, a failure to improve within 6 months without EMG 
evidence of reinnervation is an indication for exploration. 

CONTRAINDICATIONS 

Diffuse denervation of the upper limb muscles or any other 
generalized neuromuscular disorder is a contraindication to 
PIN décompression. A C7 radiculopathy, or extensor tendon 
ruptures especially in rheumatoid patients, can mimic this 
disorder and should be ruled out. 



FIGURE 43-6 Antérolatéral approach to PIN décompression. A. Anterior 
approach with a view of the proximal volar forearm demonstrating the 
arcade of Struthers (*). PIN, posterior interosseous nerve; SRN, superficial 
radial nerve. B. After release of the arcade. Note the normal appearance of 
the PIN. RN, radial nerve. 


SURGICAL TECHNIQUE 

This is identical to that of radial tunnel décompression 
(Fig. 43-6A and B). 

POSTOPERATIVE TREATMENT 

Elbow motion and PIN gliding exercises are instituted after 
an initial period of splinting for comfort. 

OUTCOMES 

Kline and coworkers reported their expérience with 45 sur- 
gically treated PIN entrapments, tumors, or injuries over 
a 27-year period. Most muscles innervated by the PIN 
achieved grade 3 or better functional outcomes. 30 They gen- 
erally found that the PIN entrapment or injuries responded 
well to PIN release and/or repair. This is most likely due 
to the fact that the nerve does not hâve far to regenerate to 
reach the motor end plates. 
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INTRODUCTION 

Restoration of elbow flexion remains the first reconstructive 
priority in treating patients with in jury to the upper roots of 
the brachial plexus (C5-C6 and C5-C6-C7). In the setting of 
root avulsion or an otherwise irréparable lésion, nerve trans¬ 
fer has been used to restore function. In 1994, Oberlin et al 
described the use of a fascicle of the ulnar nerve transferred 
to the musculocutaneous nerve (MCN) branch to the biceps 
brachii for reconstruction of elbow flexion. Since the intro¬ 
duction of this transfer, excellent functional results hâve 
been reproduced in other centers. 1,2,3,4 

INDICATIONS 

Oberlin and double fascicular nerve transfers for elbow 
reconstruction are indicated in lésions of the brachial plexus 
involving C5, C6 or C5, C6, and C7 root injuries. Some 
global or mixed plexus injuries can be treated by this method 
if there is adéquate clinical recovery in the lower roots. It can 
be used for déficits resulting from postradiation neuritis of 
the brachial plexus. It is indicated for nerve reconstruction in 
patients who présent with a significant delay from their time 
of injury since the neurorraphy is placed close to the target 
muscles and for older patients who may hâve poor outcomes 
with more conventional techniques. M4 motor strength has 
been recovered in patients as old as 66 years of âge. 4 

CONTRAINDICATIONS 

The absolute contraindication for this nerve transfer is a 
global brachial plexus palsy with no recovery of ulnar nerve 
function. A relative contraindication is a global palsy that 
subsequently recovers lower nerve root function, since the 
transfer requires intact function of the C8 and Tl nerve 


roots. The outcomes are unpredictable after more than 1 year 
from in jury. 

A prerequisite for the transfer requires intact function of 
the C8 and Tl nerve roots. A preoperative clinical examina¬ 
tion for motor strength of the flexor carpi ulnaris (FCU) and 
flexor carpi radialis (FCR) is impérative. Surgical alternatives 
to this technique should be done if a patient does not hâve 
at least a grade 4 Medical Research Council (MRC) strength 
in these muscles. If it is anticipated that the patient will need 
tendon transfers for distal hand function, using either FCU 
or FCR, it should be kept in mind that this nerve transfer 
has the potential to weaken these muscles. A preoperative 
EMG even in late cases may be useful to evaluate the mus¬ 
cle for potential for reinnervation. The absence of fibrilla¬ 
tion potentials in a denervated muscle would suggest that 
the muscle has become fibrotic and is no longer capable of 
reinnervation. 

RELEVANT ANATOMY 

The MCN is the terminal branch of the latéral cord of the 
brachial plexus, containing donor fascicles from C5, C6, and 
C7 roots. The nerve leaves the latéral cord near the inferior 
margin of pectoralis minor and pierces the deep surface of 
the coracobrachialis, giving off the motor branch to this 
muscle as it travels through the muscle substance. It emerges 
from the superficial surface of the coracobrachialis muscle 
at an average of 7.7 cm distal to the tip of the acromion, 5 ’ 6 
subsequently giving off branches to the biceps and brachia- 
lis muscles, and then terminating as the latéral antebrachial 
cutaneous nerve. The dominant nerve pattern to the biceps 
is a single muscular branch, which arises between 12 and 
13 cm distal to the acromion 5 or 18 cm proximal to the médial 
épicondyle. This main branch quickly divides into s econd- 
ary branches that then supply the short and long heads of 
the biceps independently. Approximately 4.5 cm distal to 
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FIGURE 44-1 Anatomy of the musculocutaneous nerve and the 
relationships to the biceps and brachialis muscles as well as the médian 
and ulnar nerves. (Copyright © Milan Stevanovic, MD and Frances 
Sharpe, MD.) 


the branch to the biceps is the muscular branch to the bra¬ 
chialis, estimated at 17.5 to 18 cm distal to the acromion or 
13.5 cm proximal to the médial épicondyle (Fig. 44-1). The 
internai topography of the MCN shows a consistent pat¬ 
tern of orientation, with the fascicle groups to the biceps, 
brachialis, and latéral antebrachial cutaneous nerve located 
from latéral to médial, respectively. The fasciculi to the 
biceps are grouped and can be separated proximally from 
their point of exit from the main nerve for a distance of 4 to 
6 cm. Similarly, independent motor fascicles to the brachialis 
can be separated out from the MCN for an average of 5 to 
9 cm proximal to the takeoff of the branch to the brachialis, 
with a wide range between different specimens. Variations 
of the branching patterns of the MCN hâve been described 
by several authors. These branching patterns t o the biceps 
and brachialis and their relative frequencies are described 
in Figure 44-2. These variations may need to be accommo- 
dated in the surgical technique. Other described variations 
of the MCN include communicating branches between the 
médian nerve and MCN (typically occurring proximal to the 


branch to the brachialis), absent MCN, and fusion with the 
médian nerve. In most cases, when this variant is présent, 
the motor branches to the biceps and brachialis originate 
from the médian nerve. 7 

The internai anatomy of the proximal médian and ulnar 
nerves allows donor fascicles to be harvested without mea- 
surable donor déficit. Despite the plexiform arrangement 
with multiple intrafascicular interconnections, fibers from 
the peripheral branches pursue a localized course in the 
nerve for variable, though often considérable, distances. 
Care is taken to harvest those motor fascicles that predomi- 
nantly contribute to expendable muscle donors. Thus, in the 
médian and ulnar nerves, we try to isolate fascicles that prin- 
cipally innervate the extrinsic muscle flexors, specifically 
fibers that are predominantly to the FCU from the ulnar 
nerve and to the FCR from the médian nerve. Motor fascicles 
for the FCU should generally be antérolatéral or anterocen- 
tral. 4 Motor fascicles from the médian nerve are also located 
anteriorly, with fascicles predominantly supplying pronator 
teres situated anterolaterally, and FCR fascicles lying anterior 
and slightly medially. Deep (posterior) to the FCR fascicles 
are fascicles to the flexor digitorum superficialis and profun- 
dus. More posteriorly on the médial side are the fascicles that 
make up the anterior interosseous nerve. 8 

The biceps muscle receives its innervation from the 
MCN, except in cases of anatomie variations noted above. 
The dominant nerve root supplying the biceps is C6 with 
some contribution from C5. The brachialis muscle is a dually 
innervated muscle in more than 80% of cases, with the lat¬ 
éral third to half receiving innervation from the radial nerve. 
From the MCN, it is supplied principally by C6, and from the 
radial nerve, it is supplied principally by C7. 


SURGICAL TECHNIQUE 

The patient is placed supine on the operating table with the 
arm placed out on a hand table. The entire extremity and 
shoulder girdle should be prepped into the operative field. 
Clear communication with the anesthesiologist is neces- 
sary before and throughout the procedure to assure that 
only short-acting paralytic agents are used for the induction 
of anesthésia. The paralysis should résolve shortly after the 
start of the procedure. The dissection should be done under 
wide-field loupe magnification. The surgical incision on the 
médial side of the arm is facilitated by placing the shoulder 
in external rotation. The line of the incision lies between the 
midpoint of the axilla and the médial épicondyle, correlating 
with the bicipital grove. The incision starts approximately 
3 fingerbreadths from the axilla (at the level of the distal edge 
ofthe insertion of the pectoralis major into the humérus) and 
extends to approximately 3 fingerbreadths proximal to the 
médial épicondyle (Fig. 44-3). If necessary, the incision can 
be extended proximally into the axilla and distally toward 
the médial épicondyle. The skin and subeutaneous tissues 
are dissected down to the level of the brachial fascia. This is 
opened in line with the skin incision on the posterior edge of 
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FIGURE 44-2 The most common branching patterns of the musculocutaneous nerve and the percentage of various branching patterns to the biceps 
and brachialis muscles. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


the biceps. The ulnar and médian nerves are easily identified 
just deep to the brachial fascia (Fig. 44-4A and B). The médial 
brachial and médial antebrachial nerves lie within the sur- 
gical dissection and should be protected (Fig. 44-4A). The 
biceps muscle is retracted laterally away from the humérus, 
gently lifting and rotating the biceps to be able to see the deep 



FIGURE 44-3 Surgical incision. Dotted line represents course of 
the ulnar nerve. (Copyright © Milan Stevanovic, MD and Frances 
Sharpe, MD.) 


surface of its médial edge (Fig. 44-5). The MCN will lie on 
the deep surface of the médial edge of the biceps, and is often 
covered by a thin layer of fascia and fatty tissue (Fig. 44-6A 
and B). Careful dissection of the MCN is performed from 
proximal to distal, until the first motor branch to the biceps 
is identified. This branch usually enter s the middle third of 
the biceps, close to one of the dominant vascular pedicles to 
the biceps from the brachial artery (Fig. 44-7A and B). The 
vascular pedicle travels more transversely than the nerve and 
should be preserved. Further distal dissection of the MCN 
is done to evaluate the pattern of innervation to the biceps. 
The majority of patients (62%) hâve a single branch from 
the MCN that bifurcates to separately supply the short and 
long heads of the biceps muscle (Type I pattern). However, a 
substantial percentage of patients hâve 2 and less commonly 
3 separate branches from the MCN. 

After identifying ail the branches, a proximal intrafascic- 
ular dissection of the nerve should be done, separating out 
the fascicles to the biceps as far proximally as possible. When 
there is more than 1 branch to the biceps, it is sometimes 
possible through proximal intrafascicular dissection of the 
MCN to identify a single motor fascicle that can be used for 
neurorraphy. In cases where a single motor fasciculus cannot 
be identified, 2 donor motor fascicles from the ulnar nerve 
should be used for nerve transfer. Proximal intrafascicular 
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FIGURE 44-4 A and B. Identification and dissection of the médian 
and ulnar nerves. (Copyright © Milan Stevanovic, MD and Frances 
Sharpe, MD.) 



FIGURE 44-6 A and B. Location and identification of the musculocu- 
taneous nerve on the deep surface of the médial edge of the biceps and 
location of biceps branches. (Copyright © Milan Stevanovic, MD and 
Frances Sharpe, MD.) 


dissection of the MCN is carried outunder loupe magnifica- 
tion. The dissection is carried as far proximal as the limits 
of intrafascicular bridging allow; usually this is 2 to 4 cm. 
The fascicles are dividedfrom the main trunk of the MCN as 
far proximally as possible, and then they are rotated toward 



FIGURE 44-5 Elévation of the biceps muscle and identification of 
branches to the biceps. (Copyright © Milan Stevanovic, MD and 
Frances Sharpe, MD.) 


the ulnar nerve. Wep refer to do the intrafascicular dissection 
of the ulnar nerve under the operating microscope, using 
microsurgical dilating forceps to spread between the fascicles 
to help identify and protect intrafascicular connections. The 
dissection of the nerve is done distal to the level of the branch 
to the biceps, so that the harvested fascicle(s) will hâve suf- 
ficient length to reach the MCN branch to the biceps mus¬ 
cle without tension. The donor fascicle(s) are divided as far 
distally as possible to allow the donor fascicle to be rotated 
toward the récipient motor branch (Fig. 44-8A and B). 

If reinnervation of the brachialis is planned, and there is 
adéquate distal function of the médian nerve-innervated 
muscles, then the branch of the MCN to the brachialis is 
identified and dissected. In most cases, the MCN branch to 
the brachialis is a single branch, around 4.5 cm distal to the 
branch to the biceps, arising from the posteromedial side 
of the MCN, and slightly thinner than the terminal sensory 
branch (the latéral antebrachial cutaneous nerve) (Fig. 44-9). 
Again, this branch is mobilized from the main trunk of the 
MCN as far proximally as possible, and then rotated toward 
the médian nerve. Distal intrafascicular dissection of the 
médian nerve is performed as described above for the ulnar 
nerve dissection (Fig. 44-1 OA and B). A disposable handheld 
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FIGURE 44-7 A and B. Séparation of the biceps branch from the main 
trunk of the musculocutaneous nerve. (Copyright © Milan S tevanovic, 
MD and Frances Sharpe, MD.) 


nerve stimulator set to the lowest setting of 0.5 Hz is used to 
identify the donor fascicles of the médian and ulnar nerves. 
Alternatively, a nerve stimulator with précisé variable set- 
tings used by the anesthesiologist for placement of nerve 
blocks can also be used. Placing the ground needle c lose to 
the neurolysed section of the donor nerve gives more précisé 
localization of the dominant area innervated by the selected 
fascicle. 

Intraoperative stimulation should elicit a strong motor 
response before proceeding with nerve transfer. In selecting 
donor motor fascicles from the ulnar nerve, the fascicles that 
produce the strongest contraction of the FCU or the flexor 
digitorum profundus to the ring and small f ingers with stimu¬ 
lation are harvested. These are ail C8, Tl innervated. In some 
circumstances, it may be better to selectively reinnervate the 
biceps or to use an alternative nerve transfer to reinnervate 
the brachialis. Similar to the principles of tendon transfer, it 
is preferential to select synergistic muscles for nerve trans¬ 
fer. Donor fascicles from the médian nerve should be used 
with caution. The médian nerve contains contributions f rom 
C5, C6, C7, C8, and Tl, which means that even a clinically 
functioning médian nerve has lost some if its nerve contribu¬ 
tions from an upper plexus in jury, particularly for C5, C6, C7 



FIGURE 44-8 A and B. Donor fascicle of the ulnar nerve transferred 
to the biceps branch of the musculocutaneous nerve. (Copyright © 
Milan Stevanovic, MD and Frances Sharpe, MD.) 


injuries. Donor fascicles from the ulnar and médian nerves 
suitable for transfer are usually located on the anterior or 
antérolatéral portion of the ulnar nerve and the anterior 
or anteromedial portion of the médian nerve, as described 
above. One to 2 fascicles can be safely harvested from each 
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FIGURE 44-9 The branch to the brachialis lies approximately 4 to 5 cm 
distal to the branch to the biceps. The branch is slightly thinner than 
the LABC and has a posteromedial takeoff from the main trunk of the 
MCN. (Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


nerve. The number of fascicles harvested is based on the size 
of the récipient nerve. We hâve not found it necessary to hâve 
an exact cross-sectional match, and prefer to hâve a smaller 
rather than larger donor fascicle. In the case where there is 
more than 1 motor branch to biceps, we recommend rein¬ 
nervation of both branches, using 2 separate donor fascicles. 
Neurorraphy of the donor fascicles to the récipient branches 
should be done under microscopie magnification using 10-0 
nylon suture on a 70- to 75-pm needle, placing 2 sutures at 
180°, and augmenting the repair with fibrin glue. Meticulous 
hemostasis is achieved prior to wound closure. 

POSTOPERATIVE REHABILITATION 

The postoperative protocol folio wing this procedure dépends 
on whether additional procedures or nerve transfers hâve 
been performed; particularly, if the pectoralis major muscle 
has been detached for exploration or grafting of the infra¬ 
cla vicular plexus, then this repair is protected for approxi¬ 
mately 4 weeks in a shoulder immobilizer. The immobilizer 
is removed only for showering and gentle circumduction 
exercises as well as gentle passive elbow flexion-extension 
exercises to prevent stiffness. If no other procedures are 
performed that require spécifie protection or réhabilitation, 
then the arm is immobilized in a sling. At 10 to 14 days, the 
sling is discontinued, but may be used on an as-needed basis 
for comfort. The patient is encouraged to work on regain- 
ing passive range of motion of the shoulder and elbow. A 
therapist is used if the patient is not able to regain passive 
motion independently. When there is clinical evidence of 
motor reinnervation, the patients are instructed in motor 
rééducation and strengthening. Although controversial, we 
prefer to use a muscle stimulator to maintain the tonicity of 
the biceps. We hâve also found it helpful to help the patient 
with muscle rééducation and strengthening at the first sign 



FIGURE 44-10 A and B. Double fascicular transfer. (Copyright © 
Milan Stevanovic, MD and Frances Sharpe, MD.) 


of reinnervation. Elbow flexion is enhanced by activation of 
the muscles supplied by the donor nerve. This is achieved 
by having the patient grip while trying to flex the elbow. 
Isométrie strengthening by having the patient place and hold 
in various degrees of elbow flexion followed by light résistive 
strengthening continues until the patient reaches a plateau 
in recovery. 
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FIGURE 44-11 A 26-year-old patient who sustained a stab wound 
to the left supraclavicular area 11 months prior to présentation. He 
had isolated déficits of the upper trunk, with weak shoulder girdle 
function and no elbow flexion. He had had no previous treatment. 
A double fascicular nerve transfer wasperformed. Patient recoveredM4 
motor function at approximately 13 months from the date of transfer. 
(Copyright © Milan Stevanovic, MD and Frances Sharpe, MD.) 


COMPLICATIONS 

The harvest of fascicles from an intact functioning nerve 
raises the concern of causing déficits in the donor nerve dis¬ 
tribution. To date, no long-term déficits hâve been reported 
from these techniques. Dr Oberlin has reported 2 anterior 
interosseous nerve palsies, which did not recover (personal 
communication) (Fig. 44-11). In these cases he had difficulty 
in identifying a donor fascicle from the médian nerve that 
was size-matched to the branch of the MCN to the brachialis 
muscle. Rather than performing an intrafascicular dissec¬ 
tion, he elected to use the “large” fascicle from the médian 
nerve, with the résultant distal déficit. 

OUTCOMES 

A total of 100 cases were identified in the English literature 
that report outcomes for biceps reconstruction using fascicles 
from either the médian or ulnar nerve for reinnervation of the 
biceps. 3,5,6,9 Eighty percent of patients recovered >M4 motor 
strength for elbow flexion, 9% recovered M3 function, and 
11% had <M3 recovery. Clinical evidence of biceps reinner¬ 
vation was seen at an average of3 months (range 2-7 months). 
Recovery of M3 function ranged between 4 and 13 months. 
For those patients who recovered M4 motor function, the 
range of elbow flexion strength was between 0.5 and 7 kg. 
Factors that affected the outcome included the time from 
in jury to surgery as well as the extent of brachial plexus in jury. 
A low preoperative grip strength suggests a wider degree of 
plexus in jury, despite intact function, and may help predict 


outcome. When C5-C6 lésions were analyzed separately 
from C5, C6, C7 injuries, outcomes were better in the C5-C6 
group. While a delay to surgery seems to be correlated with a 
worse prognosis, the sériés reported by Teboul et al includes 
2 patients operated on at 12 months foliowing injury, both 
of whom recovered M4 biceps recovery. 4 Age was not corre¬ 
lated with poorer outcomes; however, brachial plexus injuries 
generally occur in a younger âge group, and there were fewer 
patients in the âge >40 group. There was a higher failure rate 
in part due to the longer preoperative delay to surgery (more 
than 2 years in 3 cases). 

Double Fascicular Transfer 

The double fascicular transfer as described independently 
by Mackinnon et al 3 and Liverneaux et al 2 refers to the use 
of fascicles from both the médian and ulnar nerves to sepa¬ 
rately reinnervate the biceps and brachialis muscles. Initially 
Mackinnon reported on 8 cases where the biceps was rein- 
nervated using the technique of Oberlin, and the brachialis 
was reinnervated using other nerve transfers including the 
médial pectoral nerve, the thoracodorsal nerve, intercostal 
nerves, and a triceps branch from the radial nerve. Recovery 
was graded as M4 in 5 patients and M4+ in 3 patients, with 
clinical recovery beginning at 5 months. Liverneaux et al 
reported their results in 10 patients. Ail patients recovered 
M4 flexion strength. The average flexion strength was 3.7 kg. 
This surgical option should be kept in mind since with wider 
plexus injuries there may not be sufficient recovery of the 
médian nerve to allow the use of donor fascicles. 

Our unpublished results in 25 patients are similar to other 
authors. We hâve used both the original Oberlin technique 
and the double fascicular transfer. We prefer the double fas¬ 
cicular transfer as long as there is good distal motor func¬ 
tion of the hand and forearm muscles. Ail patients recovered 
grade 4 motor function, with biceps recovery occurring 
somewhat later than that described in other sériés; typically 
biceps contraction was noted at 5 to 6 months, and pro- 
gressed to maximum recovered function at approximately 
1 year (Fig. 44-11). 
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Nerve Transfers to Restore Wrist 
and Finger Extension 

David J. Slutsky, MD 



INTRODUCTION 

A loss of wrist and finger extension can resuit from myriad 
causes including brachial plexus injury, radial nerve injury 
due to trauma, nerve tumors, compression, or idiopathic 
neuritis as well as posterior interosseous nerve (PIN) com¬ 
pression. In the latter case s orne radial wrist extension may 
be preserved. Until recently, tendon transfers hâve been the 
mainstay of treatment. Nerve transfers hâve long been used 
for brachial plexus reconstruction. The principles of nerve to 
nerve transfer, or neurotization, hâve recently been applied 
to peripheral nerve injuries with encouraging results. The 
following discussion will center on neurotization to restore 
wrist and finger extension. 

RELEVANT ANATOMY 
Radial Nerve 

The radial nerve arises from the posterior cord of the bra¬ 
chial plexus. It receives contributions from C5-C8 spinal 
roots. The nerve contains approximately 16,000 myelinated 
fibers. It runs médial to the axillary artery, and then at the 
level of the coracobrachialis it courses posteriorly to lie in 
the spiral groove of the humérus. In the lower arm it pierces 
the latéral intermuscular septum to run between the bra- 
chialis and brachioradialis (BR). Opposite the head of the 
radius there are s orne fibrous bands from the joints capsule 
and immediately distal to this, the nerve is regularly crossed 
by several prominent veins, the “leash of Henry.” It divides 
2 cm distal to the elbow into a superficial radial sensory 
branch (SRN) and a deep motor branch, the PIN. It gives 
off branches to the extensor carpi radialis longus (ECRL) and 
brevis (ECRB), BR, and anconeus before giving off the PIN 
branch (Fig. 45-1). The PIN continues on between the super¬ 
ficial and deep heads of the supinator muscle, to exit on the 
dorsal forearm. After it emerges f rom the distal border of the 
supinator, the PIN sends branches to the extensor digitorum 
communis (EDC), extensor carpi ulnaris (ECU), extensor 


digiti quinti, extensor pollicis longus (EPL) and brevis, and 
the extensor indicis proprius (EIP) in descending order, 
although there may be considérable variation. 

In an anatomie study by Ukrit et al on 10 cadaver 
arms, the PIN arose from radial nerve. Its origin was 2.9 ± 
0.7 cm below the interepicondylar line. 1 It contained 7447 ± 
1325 myelinated axons. The ECRB branch arose from the 
radial nerve in 6 specimens and from the PIN in 4. The 
ECRB branch arose at 2.3 ± 1.5 cm below the inter epicondy¬ 
lar line and the average length was 3.3 ± 1.6 cm. The average 
number of myelinated nerve fibers of the ECRB branch was 
2798 ± 464. 

Médian Nerve 

Just distal to the cubital fossa, the motor branches of the 
médian nerve consistently collect into 3 fascicular groups 
(Fig. 45-2). There is an anterior group to the pronator teres 
(PT) and flexor carpi radialis (FCR); a middle group consist- 
ing of motor fascicles to the flexor digitorum sublimus (FDS) 
and the hand intrinsics, sensory fascicles to the thumb, and 
index and middle fingers; and a posterior group to the ante¬ 
rior interosseous nerve (AIN). These branch groups can 
be traced proximally without harm, within the main trunk 
of the médian nerve for 2.5 to 10 cm. The nerve and artery 
pass through the antecubital fossa underneath the lacertus 
flbrosis and give off branches to the palmaris longus (PL), 
FCR, FDS, and rarely the flexor digitorum profundus (FDP). 
The nerve then dives between the deep and superficial 
heads of the PT to which it supplies 1 to 4 branches. The 
flbrous arch of the PT lies 3 to 7.5 cm below the humerai 
epicondylar line. The flbrous arch of the superflcialis arch 
lies 6.5 cm below the humerai epicondylar line. The médian 
nerve enters the forearm deep to the flbrous arch of the FDS 
and emerges beneath the radial side of the muscle belly of the 
middle finger superflcialis where it is quite superficial and 
near the PL tendon. 

In a dissection of 31 cadaver arms, Tung and Mackinnon 
noted that double innervation of the FDS was found in 94% 
of the specimens. 2 The most common branching pattern was 
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FIGURE 45-1 Exposure of the radial nerve through an anteromedial 
approach demonstrating the posterior interosseous nerve (PIN), the 
extensor carpi radialis brevis (ECRB) branch, and the superficial radial 
nerve (SRN) branch. 


a proximal branch that also carried the branch to the PL, and 
a distal branch that arose from the médian nerve distal to the 
origin of the AIN branch. The proximal branch was noted 
to arise 3.1 ± 1.3 cm distal to the médial épicondyle, and 
was 2.1 ± 0.7 cm long. The distal branch arose 7.4 ± 2.7 cm 
distal to the médial épicondyle, and was 2.3 ± 0.8 cm long. 
In the study by Ukrit et al 1 the proximal FDS branch arose 
3.5 ± 0.8 cm below the interepicondylar line. The distal 
FDS branch arose 6.9 ± 2.2 cm below the interepicondylar 
line. The proximal FDS/PL branch arose 3.6 ± 1.1 cm below 
the interepicondylar line. The PL muscle was présent in 
9 specimens. The PL branch was présent in 5 specimens and 
was combined with the proximal FDS branch in 4 specimens. 
It arose at 3.4 ±1.6 cm below the interepicondylar line. The 
FCR branch was présent in ail specimens; it arose 4.6 ± 0.5 cm 
below the interepicondylar Une. It was 4.2 ± 1.7 cm long and 
contained 2971 ± 345 myelinated nerve fibers, which rep- 
resents approximately 39% of the axons of the PIN branch. 


FIGURE 45-2 Exposure of the médian nerve (MN) through an antero¬ 
medial approach illustrating the different fascicular groups. 


The average number of myelinated nerve fibers of the proxi¬ 
mal FDS branch was 983 ± 224, which represents approxi¬ 
mately 35% of the axons of the ECRB branch. 1 

DIAGNOSIS 

Radial Nerve Palsy in the Upper Arm 

In the arm région, the radial nerve is often injured in associa¬ 
tion with s orne form of unconsciousness. In a Saturday night 
palsy, an obtunded patient sits with their arm over a chair 
back or rests his/her head on the latéral surface of their arm. 
Alternatively the radial nerve can be compressed in the groove 
between the brachialis and forearm muscles when 1 per son 
rests their head on the middle third of the arm of another, 
that is, honeymooner’s palsy. The patient will typically prés¬ 
ent with a wrist drop and an inability to extend the fingers, 
thumb, or wrist. In addition, the BR will be affected along with 
variable involvement of the triceps. They will also hâve dimin- 
ished sensation over the dorsum of the first web space. 

ELECTRODIAGNOSTIC STUDIES 

The nerve conduction studies (NCS) typically demonstrate 
the absence of the superficial radial sensory nerve action 
potential (SNAP). Motor recordings are more difficult since 
no muscle is sufficiently isolated from other radially inner- 
vated muscles. A surface electrode over the EIP results in a 
volume-conducted response from the adjacent radial inner- 
vated muscles, which makes side-to-side amplitude compari- 
sons difficult. Radial nerve recordings using needle électrodes 
in the EIP are more common as a resuit, which makes it diffi¬ 
cult to approximate the degree of axonal loss by assessing the 
amplitudes. The EMG however is quite useful, and permits a 
relatively accurate localization of the lésion. In a spiral groove 
lésion, for example, ail 3 heads of the triceps should be nor¬ 
mal, with denervation of the BR and ail muscles distal to it. 

Posterior Interosseous Nerve Palsy 

In a PIN palsy the presenting symptoms are weakness and/ 
or paralysis of the extensor muscles, which resuit in a wrist or 
finger drop. There may be a history of a fall onto an extended 
and pronated arm, although many cases are spontaneous, 
especially if due to an underlying lipoma, ganglion, or rheu- 
matoid nodule arising from the radiocapitellar joint. The 
patient will présent with variable weakness or paralysis of 
the EPL, EIP, EDC, and ECU. Motor function of the ECRB/L 
should be preserved since they are innervated before the PIN 
dives between the 2 heads of the supinator muscle. The patient 
will hence extend their wrist in radial déviation. As it travels 
distally through the radial tunnel the PIN may potentially 
be entrapped by fibrous bands anterior to the radiocapitellar 
joint, the radial récurrent leash of vessels, the fibrous edge of 
the ECRB, the proximal border of the supinator, that is, the 
arcade of Frohse, or the distal edge of the supinator muscle. 
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ELECTRODIAGNOSTIC STUDIES 

PIN lésions do not affect the superficial radial SNAP, which 
should be normal. The compound motor action potential of 
the PIN-innervated muscles may show a drop of conduction 
velocity or amplitude, but this is difficult to assess with sur¬ 
face électrodes. Needle EMG is the best technique for local- 
ization, especially with partial lésions. I n acute denervation 
decreased recruitment, increased insertional activity, and 
fibrillation potentials ± positive sharp waves are présent. In 
chronic lésions seen after 3 to 6 months, decreased recruit¬ 
ment may still be seen along with giant motor unit potentials 
and polyphasia due to peripheral axonal ingrowth. 

INDICATIONS 

The time for reinnervation must take the distance from 
the injury to the motor end plate into account. As a gen¬ 
eral rule, motor end plates dégradé at about 1% per week. 
Nerve growth is limited to 1 in per month or 1 to 1.5 mm 
per day. By this reckoning a nerve will hâve regenerated 12 in 
at 1 year, but 50% of the end plates will be gone. The maxi¬ 
mum length that a nerve can grow to restore motor function 
is hence approximately 13 to 18 in due to a critical loss of end 
plates. Proximal radial nerve repairs typically demonstrate 
superior results as compared with those for the médian or 
ulnar nerves since they are doser to the end plate. 

Nerve to nerve transfers should therefore be considered 
in cases of delayed treatment, where the time for nerve 
ingrowth would exceed this window of time for reinnerva¬ 
tion. Proximal radial nerve injuries that are 8 to 9 months 
old would be an idéal indication for neurotization for this 
reason. Brachial plexus lésions and traction injuries that 
show no EMG evidence of recovery by 3 months may also be 
appropriate candidates. 

CONTRAINDICATIONS 

Contraindications include nerve palsies that may recover 
spontaneously such as proximal radial nerve lésions that 
are less than 6 months old or are best treated with conven- 
tional methods of nerve repair or graft. PIN lésions that are 
12 months from the time of in jury or later are a contraindica- 
tion as well as concomitant médian nerve injuries t hat would 
preclude use of this transfer. 

SURGICAL TECHNIQUE 
Harvest of the FCR and FDS Fascicles 

The patient is positioned supine with the arm abducted on 
an arm board. The procedure is performed under tourniquet 
control. The tourniquet time is limited to 1 hour and must 
be released at least 20 minutes before stimulating the nerve. 
If intraoperative nerve conduction is performed, halothane 
and muscle relaxants are avoided since they extinguish the 
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FIGURE 45-3 Dissection of the médian nerve (MN) highlighting the 
branch to the flexor carpi radialis (FCR) and the palmaris longus (PL). 


nerve response. The nerve should be irrigated with warm 
saline, since cold nerves do not conduct. A short-acting 
agent such as fentanyl can be used after infiltration of the 
wound margins with local anesthetic. 

An anteromedial incision is made Crossing the antecubi- 
tal fossa, starting 5 cm above the elbow flexion crease. The 
médial antebrachial cutaneous nerve is identified next to the 
basilic vein and protected. Proximal to the elbow, the médian 
nerve can be found médial to the brachial artery. The nerve is 
followed distally as it passes through the 2 heads of the PT. At 
this level the branches arising from the anterior bundle can 
be seen innervating the FCR and PT. The superficial head of 
the PT and the FDS can be divided and tagged for later repair 
if needed. Release of the deep head of the PT can improve the 
exposure. The nerve to the PT branch can be found in the 
proximal antecubital fossa. Distal to the antecubital crease, 
the branch to the FCR and PL are identified coming off t he 
middle group of fascicles medially (Fig. 45-3). 

The FDS branches arise distal to this group. They are 
carefully differentiated from the motor fascicles to the hand 
intrinsics using the handheld stimulator (Fig. 45-4). The 



FIGURE 45-4 Intraoperative photograph depicting electrical stimula¬ 
tion of the médian nerve to identify the individual nerve branches. 
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FIGURE 45-5 Division of the proximal motor branch to the flexor 
digitorum sublimus (FDS) arising from the médian nerve (MN). 


intrinsic motor fascicles and sensory fascicles travel distally 
in the middle group along with the posterior (AIN branch) 
group that passes underneath the sublimus arch. This arch 
is divided. The second or distal group of FDS fascicles may 
arise distal to the sublimus arch. At this point it is helpful to 
place vessel loops around the branches of interest. 

A disposable 2-mA nerve stimulator is used to sequen- 
tially stimulate the branches. Careful observation of the hand 
will allow one to discern the individual motor branches by 
their corresponding muscle twitch. Once the proximal FDS 
branch is identified, it is divided as distal as proximal and 
then a proximal neurolysis is performed until an interfas- 
cicular branch is seen (Fig. 45-5). 

Radial Nerve Exposure 

The radial nerve is isolated through the same incision. It can 
be found between the BR and brachialis as it divides into the 
superficial sensory nerve branch and the PIN branch. The 
SRN is foliowed proximally to the main trunk of the radial 
nerve. The ECRB branch is found deep and radial to the 
SRN. In a PIN palsy with preserved radial wrist extension, 
the PIN is divided distal to the motor branch of the ECRB. 

In proximal radial nerve injuries the ECRB branch is 
divided and included in the transfer. These branches are 
stimulated to confirm that there is total extensor muscle 
énervation prior to nerve division. The branch to the supi- 
nator can be divided to mobilize the nerve and to exclude 
axonal misdirection to the supinator muscle. An intraop¬ 
erative EMG can be performed if necessary by placing the 
needle recording electrode in the ECRB or extensor muscle 
mass with the reference electrode in the subcutaneous tissue. 
The presence of a compound motor action potential might 
alter the prognosis for recovery and require modification of 
the procedure to a neurolysis. Alternatively, a nerve action 
potential can be sought by stimulating and recording across 
a 4-cm segment of the PIN. 


Nerve Transfer 

Ray and Mackinnon recommends coapting the FDS motor 
fascicles with the ECRB branch because this can reproduce 
the tenodesis effect of wrist extension withfinger flexion and 
can facilitate motor rééducation. Similarly the FCR motor 
fascicles are coapted to the PIN to facilitate synergistic wrist 
flexion withfinger extension (Fig. 45-6A-D). 3 

Further dissection ofthePINto exclude the branch to 
the supinator muscle also may enhance the mobilization of 
the nerve. In addition, removing the supinator muscle as a 
potential target allows ail transferred axons to be directed to 
the primary functions of finger and wrist extension. 

The redundant médian nerve fascicles are harvested in 
close proximity to the PIN to avoid undue tension on the 
repair site (Fig. 45-7A and B). Mackinnon stresses the need 
to always section the donor nerve as distal as possible and 
the récipient nerve as proximal as possible to avoid tension 
on the coaptation site and avoid the need for a nerve graft. 
Coaptation of the motor fascicles proximal to the takeoff 
of the SRN may lead to a misdirection of fascicles down 
the SRN. If need be, a short nerve graft can be interposed. 
Similar to nerve repair, there should be <8% strain on the 
repair site. For practical purposes, if the repair can withstand 
the tension during passive elbow motion intraoperatively, 
then a graft is not needed. 

The coaptation is performed with 9-0 nylon since the 
fascicles are typically 1 to 3 mm in diameter. The repair site 
can be augmented with fibrin glue (Fig. 45-8A-C). Recently, 
Mackinnon has recommended a tendon transfer of the PT to 
the ECRB as an internai splint to provide early wrist exten¬ 
sion while the nerve is regenerating (Fig. 45-9). 

Mackinnon has also suggested that a sensory nerve trans¬ 
fer of the latéral antebrachial cutaneous nerve to the SRN in 
the distal part of the incision can substitute the région of sen¬ 
sory loss over the dorsoradial hand from the SRN in jury to 
the less essential cutaneous territory of the LABCN over the 
volar radial forearm (Fig. 45-10A and B). 

Postoperative Réhabilitation 

An above-elbow splint is applied with the elbow at 90° and 
the shoulder, wrist, and finger s free. Gentle elbow flexion 
is started after the first week followed by graduai elbow 
extension. Motor retraining is akin to tendon transfers. The 
patient is instructed in active sublimus contractions as well 
as active wrist flexion that will ultimately produce wrist and 
finger extension. 

OUTCOMES 

In the sériés of Ray and Mackinnon 17 of 19 patients had 
complété radial nerve palsy, whereas 2 had intact wrist exten¬ 
sion with loss of finger and thumb extension. 3 MRC mus¬ 
cle strength of 0/5 to 2/5 was considered a poor outcome, 
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FIGURE 45-6 A. Drawing of the desired sequence of nerve transfers. 
AIN, anterior interosseous nerve; ECRB, extensor carpi radialis brevis; 
FCR, flexor carpi radialis; FDS, flexor digitorum sublimus; MN, médian 
nerve; PIN, posterior interosseous nerve; PL, palmaris longus; PT, pro- 
nator teres; RN, radial nerve. B. Artist drawing of the médian and radial 
nerve exposure. FDS, flexor digitorum sublimus muscle; MN, médian 
nerve; PT, pronator teres tendon insertion; RV, radial vessels. C. Artist 
drawing following the nerve transfer of the médian nerve branches 
(green) to the radial nerve branches (purple). D. Clinical example of 
transfer of the FDS motor fascicles to the ECRB branch (white arrow) 
and FCR motor fascicles to the PIN (blue arrow). MN, médian nerve. 


whereas an MRC grade of 3/5 was a fair resuit, 4/5 was a 
good resuit, and 4+/5 was an excellent outcome. The mean 
âge of patients was 41 years (range, 17-78 years). Mean 
foliow-up was done at 20.3 ± 5.8 months (range, 12-33). 
Surgery was performed at a mean of 5.7 ± 1.9 months post 
in jury (range 3-10 months). Nine patients had a MRC grade 
of 4/5 wrist and finger extension: 4 of these patients had a PT 
to ECRB tendon transfer (Fig. 45-11). One patient obtained 
5/5 wrist and finger extension along with a PT to ECRB ten¬ 
don transfer. Six patients obtained 4/5 wrist extension but 
minimal finger extension: 3 patients had a simultaneous 


PT to ECRB tendon transfer. One patient with a PIN palsy 
obtained 4/5 finger extension. One patient with a PIN palsy 
obtained 3/5 finger extension and ultimately underwent a PL 
to EPL and FCR to EDC tendon transfer. One patient with a 
PIN palsy obtained 0/5 wrist and finger extension. 

Ukrit et al 1 recently reported on 2 clinical cases of 
complété brachial plexus avulsion injuries involving C5 
to C7 who underwent a neurotization of the FDS branch 
to the ECRB. At 24 months, both patients had regained 
MRC 4/5 strength in wrist extension with no loss of FDS 
function. 
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FIGURE 45-7 A. End-to-end transfer of FDS branch to the PIN. 
B. Following coaptation. 


A number of variations hâve been described based on 
anatomie studies. These are described for completeness, but 
none of these transfers hâve enjoyed widespread clinical use 
however. In some instances with incomplète recovery of a 
high radial nerve palsy nerve and end-to-side coaptation can 
augment the muscle strength (Fig. 45-11A-C). Palazzi et al 
reported on the use of the motor branch to the brachialis 
muscle for neurotization of the radial nerve for a C7-C8-T1 
avulsion. 4 Tubbs et al performed an anatomie study on the 
AIN and described a transinterosseous membrane tunneling 
technique for transfer to the PIN. 5 

Brown et al noted that the FCU branch of ulnar nerve can 
also be used, but this required a second incision. 6 Ukrit et al 
performed an FDS to ECRB transfer in 2 patients with a 
complété brachial plexus avulsion in jury that involved the 
C5-C7 roots and obtained an MRC grade of 4/5 wrist exten¬ 
sion at 24 months with no loss of FDS function. 1 Bertelli and 
Ghizoni hâve described the successful transfer of the supi- 
nator motor branch to the PIN in cases of C5-C6 brachial 
plexus injuries. 7 



FIGURE 45-8 A. A 28-year-old male with a 6-month-old PIN palsy. 
B. Coaptation of the FCR branch to the PIN (single asterisk) and the 
FDS branch to the ECRB branch (double asterisk) in a PIN nerve palsy. 
C Outcome at 1 year demonstrating good wrist and finger extension. 
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FIGURE 45-9 The extensor carpi radialis brevis tendon is isolated for 
an end-to-side transfer of the pronator teres. 




FIGURE 45-10 A. Sensory nerve transfer of the latéral antebrachial 
cutaneous nerve (*) to the superficial radial nerve (**) following a PT 
to ECRB transfer (arrow). B. Complété anastomosis (arrow). 





FIGURE 45-11 A. Recovering high radial nerve palsy in a 65-year-old 
female at 7 months following internai fixation of a proximal humérus 
fracture. Note the weak wrist extension but no finger extension. B. End- 
to-side coaptation of the FDS branch to the PIN distal to the ECRB 
branch. C. Resuit at 4 months following nerve transfer (11 months 
following palsy). Patient has regained good wrist, thumb, and finger 
extension save for a residual extensor lag of the index. 
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HUMERAL SHAFT FRACTURES 

Rationale and Basic Science 
Pertinent to the Procedure 

Humerai shaft fractures represent 4% of ail fractures. A 
bimodal pattern exists with a peak in the third decade 
(mostly males with severe trauma) and another peak in 
the seventh decade (mostly females involved in minor 
trauma). 1 

The blood supply to the humerai shaft is predominantly 
provided by the nutrient artery, a branch of the brachial 
artery that pénétrâtes the proximal third of the médial 
humérus. The radial nerve lies adjacent to bone in the 
spiral groove just posterior to the deltoid tuberosity and 
courses posterolaterally until it exits the spiral groove on 
the latéral aspect of the humérus 10 to 15 cm distal to the 
latéral acromion. It is bounded by the latéral intermuscu- 
lar septum in this area, making it susceptible to traction 
in jury. 2 

Operative Indications 

a. These include greater than 20° of anterior angulation, 
greater than 30° of varus angulation, and/or greater 
than 3 cm of shortening of the humerai shaft. Other 
indications include open fractures, fracture with a 
vascular injury, polytrauma, associated ipsilateral 
upper extremity injury, fractures with intra-articular 
extension, and morbidly obese patient who cannot fit/ 
tolerate the functional brace. There is no spécifie âge 
range and primary surgery should be accomplished 
within 3 weeks. 


Contraindications 

a. These include hémodynamie instability and sepsis. A 
relative contraindication would include inadéquate soft 
tissue coverage, although this could be managed with 
régional and distant flap coverage. 

Surgical Technique 

a. General anesthésia is used with muscle relaxation. The 
patient is placed in a modified beach chair position. 
An adjustable arm holder is used for arm positioning. 
Instrumentation includes two 3.5-mm LCDC plates 
orthogonally placed (double plating). The surgical 
approaches include posterior, latéral, or antérolatéral 
based on fracture location and surgeon preference. We 
prefer an antérolatéral incision to expose and reduce 
the fracture and to perform a double plating technique 
(Fig. 46-1). 

b. A 3.5-mm LCDC plate i s applied laterally in order to gain 
compression, and then an LCDC plate is placed anteri- 
orly for both rotational control and 90°-90° fixation that 
increases the rigidity of the construct. Extensive soft tis¬ 
sue and bone stripping in the proximal médial aspect 
of the humerai shaft must be avoided since the nutrient 
artery enters in this area. 


Complications 

Nonunions in nonoperatively and operatively treated 
humerai shaft fractures are reported to be between 2% and 
12%. 3-5 
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FIGURE 46-1 ORIF for humerai shaft fracture with orthogonal plating technique. (Reproduced with permission from Sumant G. Krishnan, MD.) 


a. Radial nerve palsy occurs in up to 18% of closed inju¬ 
ries. Recovery can be expected with observation alone in 
90% at 3 to 4 months after in jury. 6 Due to the low prob- 
ability of closed injuries and radial nerve transection and 
poor results of primary repair, routine exploration of the 
radial nerve is not recommended. 7 If there are no clini- 
cal signs of radial nerve recovery 6 weeks after in jury, an 
EMG is performed. If muscle action potentials are prés¬ 
ent, observation of the radial nerve should be continued. 
If fibrillation potentials (denervation) are présent, EMG 
and nerve conduction studies are repeated 12 weeks after 
injury. If nerve recovery is absent on clinical exam and 
EMG at 12 weeks, surgical exploration of the radial nerve 
is recommended. 5 


Outcomes 

Functional bracing has a high success and low complication 
rate. Sarmiento et al found nonunion rates of 2% and 6% 
for closed and open fractures, respectively. 3 A recent meta- 
analysis found a nonunion rate of 5.5% with an average 
of 10.7 weeks to union. 8 

a. Compressive plating of the humerai shaft fracture has 
union rates of 92% to 96%. The time to union is approxi- 
mately 10 to 12 weeks. 5 

b. A recent meta-analysis showed humerai nailing had 
higher rates of reoperation, radial nerve in jury, chronic 
subacromial pain, and iatrogénie fracture when com- 
pared with compression plating. 9 
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PROXIMAL HUMERUS FRACTURES 

Rationale and Basic Science 
Pertinent to the Procedure 

Proximal humérus fractures make up 4% to 5% of ail frac¬ 
tures. They are the third most common fracture in the 
elderly. The incidence is increasing worldwide with the aging 
population. The most common mechanism is a simple, low- 
energy fall in an elderly patient. 10 

Evaluation of medical comorbidities is critical in this 
patient population and should thoroughly evaluate the 
patient for traumatic head in jury, cardiac disease, cerebro- 
vascular disease, and neurologie disease. 11 EMG evidence has 
shown a 67% incidence of acute neurologie in jury with 58% 
of axillary neurapraxia and 48% incidence of suprascapular 
neurapraxia. Regardless of treatment, eventual functional 
recovery requires 12 to 18 months. 12 

The majority of patients will receive nonoperative treat¬ 
ment. However, some will require surgical fixation. We use 
an evidence-based algorithm to choose a head preserving 
versus head replacing procedure based on the patients âge, 
bone quality, fracture pattern, and timing of surgery. 13 We 
look at the patients physiologie âge and comorbid disease. Is 
the patients bone osteoporotic or ostéopénie? We also lookat 
fracture pattern and if there are predictors of humerai head 
ischemia. Hertel et al described predictors of humerai head 
ischemia at time zéro: posteromedial metaphyseal exten¬ 
sion less than 8 mm, disruption of the médial hinge greater 
than 2 mm, and an anatomie neck fracture. 14 Timing of 
surgery affects the ability to reduce the fracture, viability 
of the humerai head, and ultimate functional outcome. An 
untreated fracture greater than 4 weeks is chronic sequela 
and no longer an acute fracture. 15,16 

Indications 

Percutaneous pinning is our preferred method for a viable 
head and reducible fracture in young patients. The idéal 
surgical candidate is usually under 70 years of âge with no 
cardiac history. Ideally the patient should hâve good bone 
quality with no history of smoking or diabètes. 

a. Age: Under 70, no cardiac history: 

i. Any fracture pattern with a viable head (intact médial 
calcar) is appropriate provided that the fracture is sta¬ 
ble after réduction in order to be a candidate for pin¬ 
ning. We prefer to operate within 10 days of in jury. 

b. Open réduction internai fixation/osteosynthesis of the 
tuberosities is considered for patients under 70 years old. 
Any fracture pattern with a viable head and inherently 
unstable fracture involving the médial calcar is preferably 
treated with a second orthogonal plate or intramedullary 
allograft strut to control rotation and varus deforming 
forces. The timing is not as critical to the outcome, but 
we prefer to operate within 4 weeks. 


c. Hemiarthroplasty or reverse total shoulder arthroplasty 
with fracture stem for osteosynthesis of the greater and 
lesser tuberosities. This is considered at any âge. We pre¬ 
fer to perform a reverse total shoulder arthroplasty for 
patients 75 years or older. This can be performed even 
with ostéopénie bone and is indicated in any case of avas- 
cular necrosis of the humerai head based on the Hertel 
criteria. 14 Hertel et al found that good predictors of isch¬ 
emia were the length of the metaphyseal head extension 
with calcar segments <8 mm, the integrity of the médial 
hinge, and the basic fracture pattern. Moderate and poor 
predictors of ischemia were fractures consisting of 4 frag¬ 
ments, angular displacement of the head, the amount of 
displacement of the tuberosities, glenohumeral disloca¬ 
tion, head-split components, and fractures consisting of 
3 fragments. When the above criteria of anatomie neck 
fracture location, short calcar, and a disrupted médial 
hinge were combined, positive prédictive values of up to 
97% could be obtained. The optimal timing is 6 to 14 days 
after in jury. 


Contraindications 

These include hémodynamie instability, sepsis, and severely 

ostéopénie or osteoporotic bone. 

Surgical Technique 

a. Percutaneous pinning (Fig. 46-2): General anesthésia is 
used with muscle relaxation. The patient is in a modi- 
fied beach chair position with an adjustable arm holder 
to facilitate AP and axillary views under fluoroscopie 
control. 

i. Under fluoroscopy anterior, latéral, and superior marks 
are made for réduction and pin placement positions. 
A Freer elevator is used to reduce the humerai head 
and tuberosities, which are then captured using per- 
cutaneously introduced 2.0-mm terminally threaded 
pins (Fig. 46-3). Arthroscopy-assisted percutaneous 
fixation of greater tuberosity fractures as well as 4-part 
humérus fractures has been reported. 17-19 

The shoulder is then taken through a gentle range 
of motion to confirm the stability of fixation. 

1. One should be prepared to proceed with an ORIF 
in case the réduction does not hold or if the tuber¬ 
osities are malreduced. Equipment is placed in the 
room for next procedure if initial plan fails. 

b. Open réduction internai fixation/osteosynthesis of tuber¬ 
osities (Fig. 46-4): General anesthésia is used with mus¬ 
cle relaxation. The patient is placed in a modified beach 
chair position with an adjustable arm holder to change 
positions during surgery. A large deltopectoral incision 
is made to provide access to the deltoid insertion. Up to 
20% of the deltoid insertion is incised in order to expose 
the latéral aspect of the humérus. 
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FIGURE 46-2 Percutaneous pinning proximal humérus fracture. 
(Reproduced with permission from Sumant G. Krishnan, MD.) 



FIGURE 46-3 ORIF of proximal humérus fracture. (Reproduced with 
permission from Sumant G. Krishnan, MD.) 


A proximal humerai locking plate may be used to 
reduce any varus deformity by fixing the plate to the 
humerai head first and then applying the metaphyseal/ 
diaphyseal screws in a stepwise fashion. 
i. If the médial calcar is significantly involved, a second 
orthogonally placed small fragment plate with or with- 
out an intramedullary allograft strut may be used to con- 
trol rotation and the varus moment at the fracture site. 
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FIGURE 46-4 A. Hemiarthroplasty fracture stem with tuber- 
osity osteosynthesis for proximal humérus fracture. B. Reverse 
total shoulder arthroplasty for proximal humérus fracture. 
(Reproduced with permission from Sumant G. Krishnan, MD.) 



1. The extensile nature of the approach leads to 
increased soft tissue stripping that may resuit in 
an impairment of the humerai head blood supply. 
Adéquate fixation may be difficult in osteoporotic 
bone. 

2. Good outcomes with a low complication rate with 
the use of an endosteal bone strut to augment the 
plate fixation hâve recently been reported. 20 

Primary shoulder arthroplasty (Figs. 46-4 and 46-5): 
i. General anesthésia with muscle relaxation is used. The 
patient is placed in a modified beach chair position 
with an adjustable arm holder. The fracture is exposed 
through a deltopectoral approach. 


The use of a prosthetic jig can aid in reproducing the 
anatomie rétroversion of 20°. The transepicondylar axis 
is used as a reference with the humerai head pointed 
toward the glenoid face and the arm in neutral rotation. 

1. Preoperatively full-length scaled radiographs of 
injured and contralatéral normal humérus with a 
ruler of defined length are obtained. The fractured 
arm is measured from the médial calcar to a defined 
point distally. The normal arm is measured from the 
superior humerai head to the same distally defined 
point. The différence is the amount of length that 
is needed to restore the normal humerai height, 
which restores the normal “Gothic arch” (Fig. 46-5). 
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Calculations to restore gothic arch 


Normal side 
ruler 

X-ray 11.2 cm 

Actual 10.0 cm 
Magnif. 1.12 cm 


Fracture side 
ruler 

X-ray 12.1 cm 

Actual 10.0 cm 
Magnif. 1.21 cm 


Humerai length (N) 

X-ray 35.0 cm 
Actual 31.3 cm 


Fx length (F) 

X-ray 32.6 cm 
Actual 26.9 cm 


Step 1. Fx to top of head: N- F= H 

C Actual N (31.3 cm) minus actual F(26.9 cm) equals H (4.4 cm) 


FIGURE 46-5 Calculation of humerai height f or hemiarthroplasty frac¬ 
ture stem. (Reproduced with permission from Sumant G. Krishnan, MD.) 



2. The prosthesis that is specifically designed for 
humerai head fractures utilizes a small proximal 
metaphyseal prosthetic body with a window to 
allow for maximal bony contact. Three structural 
cancellous bone graft wedges obtained from the 
fractured humerai head are placed (1) in the 
window of the fracture-spécifie prosthesis, (2) 
under the greater tuberosity at the latéral fin of 
the prosthesis, and (3) under the médial edge of 
the prosthetic head between the head and neck 
of the implant (Fig. 46-6A). 

3. We then use 4 horizontal plane cerclage sutures 
passing around the prosthetic neck to bring the 
greater and lesser tuberosities into their correct 
position and 2 vertical plane tension-band sutures 
to bring the tuberosities into apposition with the 
humerai shaft (Fig. 46-6B-D). 

4. Pitfalls include prosthetic malpositioning, 21 poor 
fixation of the tuberosities, as well as poor prosthetic 


design: excessive métal at the prosthetic neck level 
is a barrier to bone healing. 

ii. The question of whether to perform a primary reverse 
total shoulder versus a primary hemiarthroplasty in 
this situation remains unsettled. 

Complications 

Percutaneous pinning: Patients with tuberosity fractures 
hâve a higher rate of fixation failure following percutane¬ 
ous pinning in the presence of osteoporotic bone and 4-part 
fractures. 

There is a higher rate of avascular necrosis of the 
humerai head after open réduction and internai fixation. 22 
Complications appear to relate to the number of screws in 
the humerai head, screw pénétration of the humerai head 
articular surface, or failure of fixation with nonlocking 
screws in metaphyseal bone. 23 
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FIGURE 46-6 A. Bone graft placement in hemiarthroplasty fracture stem. B-D. Tuberosity osteosynthesis technique in hemiarthroplasty fracture 
stem. (Reproduced with permission from Sumant G. Krishnan, MD.) 


Following a shoulder arthroplasty, prosthetic malposition 
leads to a proud prosthesis in the vertical plane and excessive 
rétroversion in the horizontal plane. 21 

i. Tuberosity malposition and malunion/nonunion are 
detrimental to the outcomes. Passing suture through 
the prosthetic fin does not stabilize the tuberosities to 
each other or to the diaphysis. This causes tuberosity 


mobility/migration that progresses to failure of suture 
fixation. 

Outcomes 

Fenichel et al performed a rétrospective study of 50 patients 
with an average âge of 50 years who were treated with 
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percutaneous pin fixation for 2- and 3-part fractures of the 
proximal humérus. At an average foliow-up of 2.5years (range 
l-4years) 18 (36%) obtained excellent results, 17 (34%) good 
results, 8 (16%) fair results, and 7 (14%) achieved only poor 
results. The average constant score was 81 (range 60-100). 
Fractures confined to the surgical or anatomie neck gener- 
ally did better than those associated with a greater tuberos- 
ity fragment (average score 86 vs 78). Patients who required 
shaft stabilization in addition to réduction and fixation of the 
greater tuberosity showed a lower average score (68). There 
were no cases of avascular necrosis, neurovascular complica¬ 
tions, or deep infections. A significant loss of fracture posi¬ 
tion due to failure of internai fixation occurred in 7 cases; 
3 of these patients underwent révision surgery. 24 

a. Koukakis et al showed stable fixation (even in osteopo- 
rotic bone) and good to excellent functional outcomes 
after ORIF with a dedicated proximal humerai locking 
plate. 22 At follow-up 20 patients treated with a PHILOS 
plate had a mean constant score of 76.1% (range, 30%- 
100%). Krishnan et al performed a rétrospective review 
of 58 patients treated with a conventional humerai 
prosthesis and then 112 patients treated with a fracture- 
specific humerai prosthesis. Overall, 127 of 170 (75%) 
greater tuberosities healed. Active anterior élévation, 
active external rotation, and American Shoulder and 
Elbow Surgeons score were better with fracture-specific 
stems (129.8°, 39°, and 72°, respectively) than with con¬ 
ventional stems (95.4°, 33.0°, and 55°, respectively). 
Fewer tuberosities healed with conventional stems (38 
of 58, 66%) than with fracture-specific stems (89 of 
112, 79%). 25 

b. Lenarz et al retrospectively reviewed 30 patients who had 
undergone a primary reverse total shoulder arthroplasty 
for displaced 3- or 4-part proximal humérus fractures. 
The mean âge was 77 years (range, 65-94 years). At a 
minimum follow-up was 12 months (mean, 23 months; 
range, 12-36 months). The mean postoperative American 
Shoulder and Elbow Surgeons score was 78 (range, 
36-98), the mean active forward flexion was 139° (range, 
90°-180°), and the mean active external rotation was 
27° (range, 0°-45°). The Mean American Shoulder and 
Elbow Surgeons pain score was 0.7 (range, 0-5) and the 
mean visual analog scale pain score was 1.1 (range, 0-5). 
Complications were identified in 3 of 30 patients (10%). 26 


SCAPULA AND GLENOID FRACTURES 

Rationale and Basic Science 
Pertinent to the Procedure 

Fractures of the scapula are relatively uncommon and repre- 
sent only 3% to 5% of shoulder girdle fractures. They are usu- 
ally the resuit of severe, high-energy trauma. Scapular body 
fractures are the most common. 27 Glenoid neck fractures are 
thought to occur due to direct trauma. The deforming force 


of this fracture is typically the long head of the triceps, which 
tends to displace the glenoid inferiorly and laterally. Glenoid 
fossa fractures resuit from direct impaction of the humerai 
head against the glenoid as a resuit of a medially directed 
force. Fractures of the coracoid process account for 2% to 
5% of ail scapula fractures. Direct trauma, violent muscu- 
lotendinous contraction, and humerai head dislocation can 
cause this fracture. 28 Acromial fractures account for 8% to 
10% of scapula fractures secondary to direct or indirect or 
stress fracture. 29 

A high index of suspicion for associated injuries should 
be présent. Specifically, pulmonary injury, ipsilateral rib 
fractures, and ipsilateral upper extremity injures should be 
investigated. 

The thickest parts of the scapular body are the scapular 
spine (6.6-10.3 mm) and the latéral scapular border and 
scapular pillar (9.2-12.5 mm). The middle third of the body 
is the thinnest (2.8-3.3 mm). 30 

Surgical Indications 

Scapular body and glenoid neck fracture: Combined inju¬ 
ries (fracture of the scapula body and glenoid neck), par- 
ticularly those with extensive involvement of the latéral 
scapular pillar, are candidates for surgery. Ada and Miller 
recommended glenoid neck fixation if there was 40° of 
angulation and greater than 1 cm of médial translation. 29 
Surgery is indicated in intra-articular fractures with a gle¬ 
noid articular step-off or gap greater than 2 mm. There is 
no âge limitation if the width of the fracture fragment is 
greater than 21% of the overall length of the glenoid (mea- 
sured from superior to inferior pôle). ORIF of the glenoid 
fossa fracture with an open capsulolabral reconstruction is 
performed. 31 

a. Coracoid fractures: Operative treatment is recommended 
for a midprocess coracoid fracture, coracoid base frac¬ 
ture that includes the superior body of the scapula, and a 
coracoid fracture with extension into the glenoid fossa. 

Acromial fractures: There is no clear consensus for opera¬ 
tive fixation. Kuhn et al recommend ORIF for a displaced 
acromial fracture with loss of the subacromial space. 32 

Contraindications 

a. Hémodynamie instability related to associated injuries 

Surgical Technique 

Scapular body and glenoid neck fracture (Fig. 46-7): General 
anesthésia with muscle relaxation is used. The patient is 
placed in the latéral decubitus position. A stérile bump is 
placed under the affected extremity. A basic shoulder set 
is shown in Figure 46-7. A 3.5-mm locking reconstruction 
plate is used. 
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1. A reverse Judet incision is the preferred approach. 33 
A modified posterior subdeltoid (deltoid-sparing) 
approach is performed if an isolated glenoid neck frac¬ 
ture is présent. Use of intermuscular intervals or tak- 
ing down muscles from their origin on the scapula is an 
important element of the exposure. 

The plate can be used to reduce the glenoid neck to 
latéral scapular pillar. The plate is applied to the neck 
fossa junction, and then fastened to the latéral scapular 
border in a stepwise fashion. Abduction and extension 
of the arm relaxes the deltoid and triceps hand facilitâtes 
the réduction. Glenoid neck fractures usually resuit in 
médial translation of the glenoid. Réduction in volves lat¬ 
éral translation of glenoid neck and fossa. 


2. Fluoroscopie imaging is mandatory to confirm réduction 
and confirmation that screws are not intra-articular. 

Intra-articular fractures of the glenoid fossa: The patient 
is in a modified beach chair position for anterior rim frac¬ 
tures. Posterior rim fractures require the patient to be in a 
latéral decubitus position. If an articular step-off from an 
impaction-type in jury is présent and no evidence of sub¬ 
luxation, a simple ORIF with small fragment screws is per¬ 
formed. If the anterior fossa fracture is severely comminuted, 
an extra-articular bone block technique (Latarjet coracoid 
process transfer) is performed. The coracoid is transected at 
its base with the conjoint tendon still intact. The posterior 
aspect of the coracoid is prepared with a burr. The coracoid 
piece is then fixed to the glenoid rim with 2 small fragment 
screws usually 35 to 40 mm in length. The graft: is rendered 
extra-articular by placing suture anchors between the cora¬ 
coid graft and the native glenoid. A capsule and sélective lig- 
amentous repair is then performed. A similar procedure with 
autograft bone can be performed for the posterior glenoid 
fossa fracture. For anterior rim fractures, a modified del- 
topectoral dissection is used. For posterior rim fractures, a 
posterior axillary fold subdeltoid (deltoid-sparing) approach 
is used. The joint is exposed through an anterior or poste¬ 
rior T-plasty capsular incision. The use of a Fukuda humerai 
head retractor aids to view the joint while placing screws. 

Marginal impaction or comminution of the articular sur¬ 
face is often présent in glenoid fossa fractures and must be 
reduced to prevent articular incongruity. 

1. If a sizable glenoid fragment remains, this is incorporated 
into the reconstruction. 

2. Bone grafts (coracoid if anterior and posterior iliac crest 
if posterior) are contoured so that they are anatomie with 
the glenoid surface. 

3. If a bone graft is used, it must not overhang the gle¬ 
noid rim laterally, or the risk of postsurgical arthrosis 
increases. 

4. Maintaining the graft in an extra-articular or intra-artic¬ 
ular position when repairing the capsule can be difficult. 

Coracoid process fractures: 

1. General anesthésia with or without muscle relaxation is 
used. The patient is positioned in the modified beach 
chair position. An arm holder is used to position the arm. 
A small fragment screw secures the coracoid fragment to 
the coracoid base. 

A deltopectoral approach is used. The musculocutane- 
ous and suprascapular nerves around the coracoid and i ts 
base are identified and protected. 

2. The conjoined tendon of the pectoralis minor is released 
to facilitate both the surgical exposure and an anatomie 
fixation of the coracoid. The tendons are then repaired. 

Acromial fractures (Fig. 46-8): The patient is placed in 
a modified beach chair position with the arm in an adjust- 
able arm positioning device. A saber incision and superior 
approach with release of the anterior deltoid provides excel¬ 
lent exposure. The deltoid is released as a subperiosteal sleeve 
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FIGURE 46-8 ORIF for acromion fracture. (MasterSkills: Fractures of 
the Upper Extremity. ASSH; 2008.) 


in continuity in order to provide a strong unit for repair after 
fixation. Release of the deltoid and retracting the humerai 
head with a Darrach retractor allows for excellent superior 
and inferior exposure of the acromion. This also allows for 
direct visualization of the réduction. Fixation is most com- 
monly performed with cannulated screws, supplemented by 
figure-of-8 tension-band wires passed through the cannu¬ 
lated screws. Care should be taken to preserve an intact and 
thick deltotrapezial fascia for précisé repair after réduction of 
the acromial fracture. 

Outcomes 

a. Kavanagh et al reported good results for 10 displaced 
intra-articular glenoid fractures treated with ORIF. No 
evidence of postoperative osteoarthritis was présent at 
an average of 4-year foliow-up. None of the patients had 
pain with daily use, and range of motion and strength 
were only mildly affected. 34 More recently Anavian et al 35 
reviewed 33 patients with displaced intra-articular frac¬ 
tures of the glenoid who were treated surgically. The 
indications for operative treatment included articular 
fracture gap or step-off of >4 mm. Twenty-five patients 
also had extra-articular scapular involvement. A pos- 
terior approach was utilized in 21 patients, an anterior 
approach in 7, and a combined approach in 5. At a mean 


follow-up of 27 months (range, 3 months), ail patients 
had radiographie union of the fracture. The mean DASH 
score was 10.8 (range, 0-42). The mean SF-36 subscores 
were comparable with those of the normal population. 
Twenty-six patients (87%) were pain-free at the time of 
follow-up, and 4 had mild pain with prolonged activity. 
Twenty-seven (90%) of 30 patients returned to their pre- 
injury level of work and/or activities. 

Complications 

Hétérotopie ossification: Surgical approaches that minimize 
soft tissue traumadecrease the incidence of hétérotopie ossi¬ 
fication, although patients with head injuries a re at increased 
risk. Injuries to the axillary, musculocutaneous, and/or 
suprascapular nerves may be from the trauma or iatrogénie. 
Overhang of the bone graft leads to glenohumeral arthrosis. 

a. Intra-articular screw placement as well as a poor réduc¬ 
tion of the articular step-off or deformity is an additional 
risk. 

CLAVICLE FRACTURES 

Rationale and Basic Science 
Pertinent to the Procedure 

Cia vicie fractures make up 2% to 5% of ail fractures in adults 
and 10% to 15% of ail fractures in children. A bimodal 
population distribution is at higher risk that includes young 
male patients <30 years of âge and elderly patients >70 years 
old. 36-38 

The Allman classification 39 divides this fracture into prox¬ 
imal third, middle third, and distal third. Middle third frac¬ 
tures (81%) are the most common foliowed by distal third 
fractures (15%) and proximal third (4%) occurring the least. 
The Neer classification of distal cia vicie fractures 36 considers 
the location of the fracture relative to the coracoclavicular 
ligaments and the acromioclavicular ligament. Type I frac¬ 
tures are interligamentous and minimally displaced as the 
proximal and distal components are stabilized by the cora¬ 
coclavicular ligaments. Type II fractures occur médial to the 
coracoclavicular ligaments and are subdivided into type IIA 
and type II B fracture patterns. In type IIA fractures either 
the conoid or the trapezoid remains attached to the distal 
fragment. In type IIB fractures either the conoid is torn or 
both ligaments are torn and the distal fracture fragment is 
displaced inferiorly by the downward pull of the arm. Type 
III fractures extend into the articular surface of the AC joint 
with no ligamentous in jury. Médial third cia vicie fractures 
are usually physeal fracture-dislocations. They may occur in 
the posterior direction. 

Stanley et al found that the cia vicie fails in compression. 
Eighty-seven percent of fractures occur from a fall onto the 
shoulder, 7% from a direct blow to the point of the shoulder, 
and 6% from a fall onto an outstretched hand. 40 
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The clavicle is a “strut” connecting the appendicular skel- 
eton to the axial skeleton. The clavicle bony morphology 
provides minimal ability to deform under physiologie loads. 
The clavicle is in close proximity to the brachial plexus and 
subclavian vessels. 

Surgical Indications 

These include middle third clavicle fractures with greater 
than 2 cm of shortening on an AP view of the clavicle/shoul- 
der girdle view and 1 cm of displacement or 100% transverse 
displacement of fracture on clavicle uptilt view. The âge 
range includes adolescents to adults. Ideally surgery is per- 
formed within 14 days of fracture. 

a. Distal third clavicle fracture: 

1. If the conoid ligament or both the conoid and trap- 
ezoid ligaments are disrupted, surgery is indicated. 
Type IIB fractures are associated with delayed union 
and nonunion rates of up to 30% to 45%. 

b. Médial third clavicle fractures: Most are managed non- 
operatively. If posterior fracture-dislocation occurs and 
vessel or airway compromise occurs, this is a surgical 
indication. 

Contraindications 

These include hémodynamie instability due to associated 
injuries and sepsis. 

Surgical Technique 

Middle third clavicle fractures: General anesthésia with mus¬ 
cle relaxation is used. The patient is in a modified beach 
chair position. 

i. The incision is inferior to the clavicle. The skin and 
subeutaneous tissue is reflected in a large flap. The 
suprascapular nerves are identified and protected. The 
fracture is exposed and reduced. A 3.5-mm straight 
locking dynamic compression plate is placed on the 
posterior and superior aspects of the clavicle. This pro¬ 
vides the greatest coverage with soft tissue in order to 
decrease hardware irritation (Fig. 46-9). 

ii. A butterfly or segmentai bone fragment can be fixed 
and compressed into position with a #2 semiabsorbable 
suture racking half-hitch knot. Great care is taken not t o 
plug while drilling the clavicle because of the proximity 
of the neurovascular structures. 

iii. Nonoperative treatment has been the mainstay; how- 
ever, this has been challenged recently. Nowak et al 
showed that 46% of 208 patients with a nonopera- 
tively treated clavicle still did not consider themselves 
fully recovered 9 to 10 years after the injury. Fracture 
displacement without bony contact was most prédic¬ 
tive of fracture sequelae and patient dissatisfaction. 41 



FIGURE 46-9 ORIF for middle third clavicle fracture. (Reproduced 
with permission from Sumant G. Krishnan, MD.) 


McKee et al followed 30 clavicle fracture patients treated 
nonoperatively and found significant residual disabil- 
ity at a mean of 55 months after in jury on patient and 
clinical outcome scores. A higher prevalence of dissat¬ 
isfaction with clavicle fracture shortening greater than 
2 cm was présent. 42,43 Khan et al found that nonsurgical 
treatment of displaced shaft fractures may be associated 
with a higher rate of nonunion and functional déficits 
than previously reported. 44 The Canadian Orthopaedic 
Trauma Society performed a multicenter trial compar- 
ing nonsurgical treatment with primary plate fixation for 
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displaced fractures. Better functional outcomes, lower 
rates of malunion and nonunion, and a shorter time to 
union were found in the plate group. However, the opér¬ 
ative group had a higher complication rate of 34% a nd a 
reoperation rate of 18% mostly for hardware removal. 45 

Distal third clavicle fractures : The authors use an auto- 
graft hamstring tendon graft and three #2 semiabsorbable 
sutures (hold réduction until tendon reconstruction/repair 
heals) to “bypass” the fracture via coracoclavicular and 
acromioclavicular stabilization. General anesthésia is used 
with muscle relaxation. The patient is in a modified beach 
chair position. The ipsilateral leg is placed in a leg holder for 
semitendinosus autograft harvest. An arm holder is used 
for control of the arm. Equipment needed for this repair 
is an oscillating saw, 6-mm drill bit, hamstring harvester, 
Houston suture passer, vascular clamp, and three #2 semia¬ 
bsorbable suture weave in a Hawkins-Warren technique. 

i. A 2-in (5-cm) skin incision is placed in Langer s Unes 
from the midportion of the ACJ directed toward the 
coracoid. The deltoid is split in a T-shaped fashion with 
the horizontal limb 2 mm anterior to the posterior edge 
of the clavicle and the vertical limb directed toward the 
coracoid. First expose the AC joint, médial acromion, 
posterior clavicle, and coracoid process and resect 
5 mm of distal clavicle with a small sagittal saw. Three 
6-mm drill holes are placed as follows: 2 holes in the 
latéral edge of the clavicle (1 anterior and 1 posterior) 
and 1 hole in the médial acromion. Nonabsorbable #2 
sutures are placed in each of these 3 holes for tendon 
shuttling. Following tendon préparation, 3 strands of 
#2 semiabsorbable sutures are braided in a modified 
Hawkins-Warren technique. Both the semiabsorbable 
suture braid and autograft hamstring tendon are passed 
around the coracoid in a médial to latéral direction. The 
latéral coracoid limb of tendon/suture is passed through 
the anterior clavicle drill hole (deep to superficial). The 
suture is then separated and clamped. The tendon alone 
passes through the acromion drill hole (superficial to 
deep), and then through the posterior clavicle drill hole 
(deep to superficial). With a superior directed force on 
the arm and infer ior force on the clavicle the AC joint 
is reduced and the suture braid is tied under maximum 
tension. The hamstring graft (tendon limb from médial 
coracoid and tendon limb from posterior clavicle drill 
hole) is then tied under maximal tension and rein- 
forced with #2 nonabsorbable suture (completing the 
CC fixation). The remaining “tail” of the graft is ten- 
sioned maximally to the acromial tendon limb to rein¬ 
force the superior capsule of the AC joint. Finally, the 
graft is retensioned medially and sewn to the posterior 
clavicle with #2 sutures (completing the AC joint cap- 
sular reconstruction). The shoulder is placed through 
a full range of motion to test the graft. Routine layered 
closure is then performed. 

ii. Practical tips: The suture weave allows for holding 
réduction while the tendon heals. 


iii. Pitfalls: If the AC joint capsule is not reestablished with 
the graft, then anterior posterior stabilization of the AC 
joint is compromised. 

iv. Controverses: A recent study by Robinson et al found a 
low incidence of nonunion after nonoperative treatment 
and a high complication rate in those treated surgi- 
cally. 46 Khan et al found that displaced lateral-end frac¬ 
tures hâve a higher risk of nonunion after nonoperative 
treatment than do shaft fractures. However, nonunion is 
difficult to predict and may be asymptomatic in elderly 
individuals. The results of operative treatment are more 
unpredictable than they are for shaft fractures. 44 

Médial third clavicle fractures : Supporting evidence is 
limited for surgeries of this technique, and there is a lack 
of consensus regarding the optimal treatment of these frac¬ 
tures. The patient is placed in a modified beach chair posi¬ 
tion. General anesthésia with muscle relaxation is used. An 
adjustable arm positioner is used. A thoracic surgeon is on 
standby if assistance is required. Fixation methods usually 
in volve either plate fixation (if the fragment is of sufficient 
length) or suture fixation of the fracture with sternoclavicu- 
lar (SC) joint stabilization and/or autograft reconstruction 
of the SC joint after fracture réduction. An incision is made 
anterior to the SC joint/medial clavicle. 

Complications 

Nonunions/malunion: McKee et al treated symptomatic, 
shortened, clavicle nonunion with a clavicular osteotomy 
along with internai fixation and local bone graft. In their 
sériés of 15 patients they reported high satisfaction rates and 
100% having improvement. Sixty-six percent of patients had 
complété resolution of symptoms at a mean of 20-month 
follow-up. 43 McKee et al found in a meta-analysis of random- 
ized controlled trials that the nonunion rate was higher in 
nonoperative patients (29 of 200) compared with the opera¬ 
tive group (3 of 212) (P = .001) and symptomatic malunion 
rate was higher in the nonoperative group (17 of 200) versus 
the operative group (0 of 212) (P <.001). 47 

a. One multicenter study (the Canadian Orthopaedic 
Trauma Society) noted there was a reoperation rate of 
18% for hardware removal. 45 McKee et al found that irri¬ 
tation of soft tissue occurred due to plate prominence or 
pin irritation/protrusion in the posterior latéral aspect 
of the clavicle. The use of this intramedullary implant 
(Hagie pin) in this fashion was associated with a high rate 
of requirement for removal. 47 

b. Damage/irritation to underlying neurovascular struc¬ 
tures may occur from the in jury (3%) 44 or during surgical 
fixation. 

c. In a recent study meta-analysis of randomized control 
trials, McKee et al found that 9/200 patients with mid- 
shaft clavicle fractures treated operatively had infections 
(6 were related to pin-tract infections and 3 were related 
to infections after plate fixation). 47 
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Outcomes 

Nonoperative treatment: Robinson et al reported significant 
risk factors for nonunion after nonoperative treatment of 
cia vicies include advanced âge, female s ex, fracture displace¬ 
ment, and comminution. 46 McKee et al performed a meta- 
analysis of recent randomized control trials of nonoperative 
and operative treatment for middle third clavicle fractures. 
They found that operative treatment provided a significantly 
lower rate of nonunion and symptomatic malunion and 
an earlier functional return compared with nonoperative 
treatment. 47 

Middle third clavicle fractures: The Canadian Orthopaedic 
Trauma Society concluded that primary plate fixation of 
completely displaced midshaft clavicular fractures in active 
adults is an acceptable treatment method. 45 
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INTRODUCTION 

Due to inhérent instability allowing freedom of motion, the 
glenohumeral joint is the most commonly dislocated joint in 
the human body. Shoulder dislocations follow a bimodal dis¬ 
tribution with a peak in young adults sustaining high-energy 
dislocations, and a second peak in elderly adults sustaining 
lower-energy injuries. Age at the time of initial dislocation 
plays a large factor in récurrent dislocations, with younger 
patients b eing at greater risk f or f uture épisodes of instability. 1 

Shoulder dislocations can be classified according to the 
direction of dislocation relative to the glenoid. Anterior dis¬ 
locations occur in 95% of cases, often occurring as a resuit 
of an external rotation hyperabduction injury. Posterior 
dislocations account for fewer than 3% of ail cases and are 
the resuit of high-energy trauma or seizures. 2 Commonly 
associated bony injuries include an osteochondral defect 
secondary to impaction of the posterosuperior aspect of the 
humerai head (Hill-Sachs deformities) (Fig. 47-1), anterior 
glenoid rim fractures (bony Bankart lésions), posterior gle¬ 
noid rim fractures (reverse bony Bankart lésions), and asso¬ 
ciated proximal humérus fractures. 

Multiple capsular, ligamentous, and bony structures can be 
injured during a glenohumeral dislocation. A classic Bankart 
lésion is associated with a tear of the anteroinferior labrum 
and inferior capsule (Figs. 47-2 to 47-4). One variant of this 
in jury is an anterior labral periosteal sleeve avulsion (ALPSA) 
resulting in récurrent instability when the capsule détachés 
from the glenoid and heals in a medially displaced position 
on the glenoid neck (Fig. 47-5). Other pathology may also be 
présent in patients who sustain a shoulder dislocation includ- 
ing superior labrum anterior and posterior (SLAP) lésions 
(Fig. 47-6) and, in patients over the âge of 40, rotator cuff 
tears. In a recent study of anterior shoulder dislocations it was 
noted that 10% of the patients presented with an associated 
SLAP lésion. 3 A less common and easily overlooked cause of 
shoulder instability is a humerai avulsion of the glenohumeral 


ligament (HAGL) resulting from capsular detachment from 
the humérus instead of the glenoid 3-5 (Figs. 47-7 and 47-8). 

Soft tissue laxity, répétitive microtrauma, and other 
traumatic events 6 may resuit in multidirectional instability 
(MDI). 7 MDI is a spectrum of disease including symptomatic 
microinstability, voluntary positional instability, and symp¬ 
tomatic involuntary instability in more than 1 direction. 

ANATOMY AND PATHOPHYSIOLOGY 

Glenohumeral joint stability results from intricate inter¬ 
actions between static and dynamic shoulder stabilizers. 
Dynamic glenohumeral stabilizers include the rotator cuff 
complex, the biceps tendon, the deltoid, and the superior 
labrum. Static stabilizers of the shoulder include the glenoid, 
the labrum, the glenohumeral ligaments, and the humerai 
head (Fig. 47-9). Additionally, the négative intra-articular 
pressure maintained by an intact capsule is important for 
shoulder stability, especially with the arm at the side. The gle¬ 
nohumeral ligaments attach to the labrum and hâve a unique 
rôle in stabilizing the shoulder while preventing excessive 
translation. During normal shoulder functions, the infe¬ 
rior glenohumeral ligament (IGHL), middle glenohumeral 
ligament (MGHL), and superior glenohumeral ligament 
(SGHL) demonstrate a unique pattern of tension and relax¬ 
ation through various shoulder positions. These ligaments 
tighten and loosen in a reciprocal fashion, constraining the 
humerai head in a load-sharing and load-bearing pattern. 6 

The IGHL consists of an anterior and a posterior band aris- 
ing from the labrum, with an axillary pouch acting as a “ham- 
mock” for the humerai head. 6 The axillary pouch is interposed 
between the anterior and posterior bands of the IGHL, span- 
ning the inferior two thirds of the anterior glenoid to the infe¬ 
rior one third of the humerai head. 4,8 The IGHL is the primary 
static check against anterior, posterior, and inferior translation 
between 45° and 90° of glenohumeral élévation. 8,9 As the IGHL 
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FIGURE 47-1 CT scan of a patient following récurrent glenohumeral 
dislocations demonstrating a Hill-Sachs lésion. 



FIGURE 47-2 Radiographie anterior-posterior view demonstrating a 
bony Bankart lésion (inferior arrow) and a minimally displaced f rac- 
ture of the greater tuberosity (latéral arrow) following an acute shoulder 
dislocation. 
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FIGURE 47-3 CT scan of the same patient from Figure 47-2 demon¬ 
strating a bony Bankart lésion. 
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FIGURE 47-4 Axial MR A of a different patient demonstrating a 
Bankart lésion. The torn anterior labrum is identified by arrow. 



FIGURE 47-5 Coronal MRA highlighting medialization of anterior- 
inferior labrum in an ALPSA lésion. The arrow highlights the anterior- 
inferior labrum. 



FIGURE 47-6 MRA demonstrating an anterior labral tear extending 
into the superior labrum with a type 3 SL AP tear. 
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FIGURE 47-7 MRA demonstrating a lax inferior glenohumeral liga¬ 
ment with a marked “J-shaped” appearance with contrast extravasation 
about the médial humerai head characteristic of a humerai avulsion of 
the glenohumeral ligament (HAGL) lésion. 



FIGURE 47-8 AP radiograph demonstrating a Hill-Sachs lésion of the 
left shoulder. 
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FIGURE 47-9 Sagittal view depicting stabilizers of the glenohumeral joint. (Diagram reproduced with permission from Judy Christensen, Naval 
Medical Center San Diego graphies artist.) 
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runs under the subscapularis tendon it prevents anterior, infe¬ 
rior, and posterior translation of the abducted arm through 
alternating tension in the anterior and posterior bands. 10 More 
specifically the anterior band of the IGHL provides résistance 
against anterior and inferior humerai head translation at 90° of 
shoulder abduction. The anterior band runs from the anterior 
glenoid and labrum at the 3-oclock position, inserting on the 
inferior humerai neck. The posterior band of the IGHL pro¬ 
vides posterior stability when the arm is flexed and internally 
rotated. 4,10,11 The posterior band runs from the posterior gle¬ 
noid and labrum at the 9-oclock position, also inserting on the 
inferior humerai head. Over 70 years ago, Nicola described the 
site of failure for the IGHL as being at the humerai insertion 
site in 4 of 5 acute shoulder dislocations, and in 6 of 25 récur¬ 
rent glenohumeral dislocators. 12 

The SGHL and the MGHL limit anteroposterior and infe¬ 
rior translation in the middle and lower ranges of élévation 
as the arm approaches adduction. 13,14 The SGHL originates 
at the anterosuperior glenoid rim and labrum, merging with 
the biceps tendon to insert at the proximal lesser tuberos- 
ity. The SHGL, the coracohumeral ligament, and the IGHL 
function to limit inferior translation of the adducted shoul¬ 
der acting as secondary restraints against posterior transla¬ 
tion. 14-16 The MGHL originates at the anterosuperior glenoid 
rim and labrum, inferior to the SGHL, inserting just médial 
to the lesser tuberosity. The MGHL resists anteroposterior 
translation in 45° of shoulder abduction and is a secondary 
restraint to translation and external rotation in adduction. 

A final ligamentous component to capsular stability is the 
région between the subscapularis and supraspinatus muscles 
known as the rotator inter val. This triangular portion of the 
capsule is composed of the coracohumeral ligaments and 
the SGHL, serving to increase inferior stability, particularly 
when the arm is adducted and externally rotated. 17 

Traumatic shoulder dislocations or subluxations may 
cause an avulsion of the capsulolabral complex from the 
anterior glenoid rim, resulting in a Bankart lésion, or an 
avulsion of the IGHL from its humerai attachment, a HAGL 
lésion. 18 HAGL lésions are more likely to occur with the 
shoulder hyperabducted and in external rotation. Cadaveric 
studies by Bigliani et al demonstrated a failure of the anterior 


labroligamentous complex at the glenoid attachment in 40% 
of specimens, midsubstance tears in 35% of specimens, and 
at the humerai attachment in 25% of specimens. 19 Both ante¬ 
rior and posterior HAGL lésions are described with ante¬ 
rior lésions representing 93% of cases and posterior HAGL 
lésions representing only 7%. 20 

EXAMINATION 

Patients with anterior glenohumeral dislocations often prés¬ 
ent with the arm held in an abducted and externally rotated 
position or adducted against the body. Posterior dislocations 
can be more subtle and over 50% are missed on the initial 
évaluation. 2 In patients with posterior dislocations, the arm 
is typically held in internai rotation with a block to external 
rotation caused by the anterior humerai head engaging the 
posterior glenoid rim. 

Important details regarding the history of in jury include 
the mechanism of injury, handedness, âge, total number of 
lifetime dislocations or subluxations, sensory or motor dis¬ 
turbances, location of pain, ability to voluntarily dislocate 
the shoulder, and previous shoulder surgeries. Patients with 
anterior instability présent with symptoms when their arm 
is maximally abducted and externally rotated. Symptoms of 
posterior instability are provoked with a flexed and internally 
rotated humérus. 6 In the presence of an acute dislocation, an 
expeditious physical examination and radiographie imaging 
is required to document neurovascular injuries and rule out 
concurrent fractures while confïrming the suspected direction 
of the dislocation. The examination is started at the neck to 
assess for cervical spine pathology and range of motion. This 
is followed by active and passive shoulder range of motion 
assessing the maximum abduction, adduction, flexion, and 
extension. Spécifie tests to test the rotator euff strength are 
followed by spécial testing for intra-articular and extra-artic- 
ular shoulder pathology (Table 47-1). Spécifie tests include 
the sulcus sign, the anterior appréhension sign, glenohumeral 
translation, and the load and shift test. Examiners must evalu- 
ate for associated neurovascular injuries. Ligamentous laxity 
in joints other than the shoulder may indicate generalized 


TABLE 47-1 : Basic Shoulder Tests 


Test 

Method 

Significance 

Scratch test 

Touch inferior and superior aspects of opposite s capula 

Loss of motion indicates rotator euff pathology 2 

Drop arm test 

Arm slowly adducted from 90° abduction 

Supraspinatus or teres minor pathology 

Speed’s test 

Resisted flexion with elbow flexed to 20° and forearm supinated 

Long head biceps pathology 

Liftoff test 

Dorsum of patients hand is placed on 1 nmbar spine with attempt 

Subscapularis pathology 

Empty can test 

to push off against résistance 

Forward flexion of shoulder to 90° in slight abduction with thumbs 

Supraspinatus pathology 

External rotation 

pointed to ground. Pain with resisted flexion is positive 

Arms at sides with elbows flexed to 90°. Weakness or pain with 

Infraspinatus pathology 

test 

Clunk test 

resisted external rotation is positive 

Rotation of loaded shoulder from extension to forward flexion 

Labral pathology 2 
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TABLE 47-2: Spécial Tests for Multidirectional Instability 

Test 

Description 

Appréhension test 

The shoulder is placed into a position of instability, abduction and external rotation for anterior instability and 
flexion with internai rotation for posterior instability. I f the patient senses impending dislocation, the test is 
positive 

Relocation test 

A posteriorly directed force is placed on the humerai head while abducting and externally rotating the arm. 

A positive test occurs if the pain and appréhension produced during the appréhension test are relieved 

Load and shift test 

Center the humerai head within the glenoid and translate the head anterior and posterior. Grading of the 
humerai head translation is relative to the glenoid rim 

• Grade 1: Translation to the edge of the glenoid 

• Grade 2: Humerai head subluxation over the glenoid rim 

• Grade 3: Frank dislocation without spontaneous réduction 

Sulcus sign 

Pull the affected adducted arm inferiorly measuring the gap between the humerai head and the inferior surface 
of the acromion 

• Grade 1: 1-cm gap 

• Grade 2: 2-cm gap 

• Grade 3: >3-cm gap 


ligamentous laxity (Table 47-2). Foliowing an anterior dis¬ 
location, inspection of the affected shoulder reveals a loss of 
the deltoid contour, a prominent acromion, and a palpable 
fullness of the humerai head below the coracoid process. The 
patient is usually in significant pain with the a ffected arm held 
against the body or locked in an adducted position. A closed 
réduction should be performed as soon as possible to avoid 
possible neurovascular compromise. It is important to assess 
the axillary, suprascapular, and long thoracic nerve function 
both before and after réduction. One EMG study demon- 
strated evidence of axonal loss in 37 out of 77 patients with 
axillary nerve involvement in 32 of these patients, although 
clinical evidence of this is much lower in actual practice. 21 
Patients with récurrent instability présent with a wide variety 
of symptoms. Patients with inferior instability often complain 
of pain and weakness when carrying heavy objects. 

RADIOGRAPHIC IMAGING 

In the case of acute dislocations, plain radiographs are 
required prior to réduction to assess for concurrent fractures 
and the direction of dislocation. These include an anterior- 
posterior view and adéquate axillary latéral shoulder s eries 
with the possible addition of a scapular Y view. The axillary 
view is critical to détermine the direction of dislocation as 
well as confirmation of a congruent glenohumeral joint post 
réduction. In cases of chronic or récurrent instability, radio¬ 
graphie images are examined for evidence of bony pathol- 
ogy including a Hill-Sachs lésion, a bony Bankart lésion, a nd 
attritional glenoid bone loss. The West Point view can pro¬ 
vide a clearer picture of the glenoid rim and the Stryker notch 
view provides a detailed image of the humerai head to assess 
for Bankart lésions and Hill-Sachs deformities, respectively. 7 

Computerized tomography (CT) is an accurate method 
to quantify the size of an acute glenoid rim fracture as well 
as détermine the amount of glenoid and humerai head bony 


in jury. 22 In the setting of chronic instability, a 3-dimensional 
CT scan both with and without the humerai head digitally 
subtracted provides important information regarding any 
glenoid bone loss and the extent of any Hill-Sachs deformi¬ 
ties (Fig. 47-10). Magnetic résonance imaging (MRI) and 
magnetic résonance arthrogram (MRA) increase the ability 
to detect labral, rotator euff, cartilage, and capsular patholo¬ 
gies including HAGL lésions. In the acute setting, contrast is 
rarely required as the hemarthrosis serves as a natural con¬ 
trast agent. 23 

In the setting of a posterior dislocation, the same sériés of 
plain radiographs and advanced imaging is foliowed. Again, 
the axillary view is critical to diagnose posterior dislocations. 



FIGURE 47-10 Three-dimensional CT scan with digital subtraction 
of the humérus demonstrating 20% to 25% bone loss of the glenoid 
surface. 
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Patients may présent with an impaction fracture of the anter- 
osuperior humerai head at the lesser tuberosity, known as 
a reverse Hill-Sachs lésion. Posterior glenoid rim defects 
(reverse bony Bankart lésions) and glenoid hypoplasia can 
also be seen on standard radiographs. Posterior labral cracks 
known as Kim lésions are associated with posterior shoulder 
instability and are visible on MRA studies. 24 

TREATMENT 

In the presence of an acute dislocation, urgent réduction is 
performed to avoid lasting damage. Several techniques are 
utilized in réduction of anterior dislocations, although no 
studies demonstrate the superiority of 1 technique over the 
other. Conscious sédation is often utilized in the emergency 
room, although intra-articular lidocaine has been demon- 
strated to provide adéquate pain relief with fewer compli¬ 
cations. 25,26 In the Stimson technique the patient lays prone 
with the affected arm hanging off the edge of the table in 
traction to allow gravity traction to stretch out the deltoid 
spasm and reduce the joint. Alternatively the patient can 
be placed supine on a table with a countertraction strap 
around the ipsilateral chest with gentle traction applied to 
the affected arm in an inferior direction for réduction. 26 
In an acute posterior dislocation, a réduction is achieved 
through disimpaction of the humerai head and maneuver- 
ing it past the posterior glenoid lip by gentle manipulation 
while the arm is flexed to 90° and adducted. 2,27 For fixed 
and chronic dislocations associated with fractures, gen¬ 
eral anesthésia with paralysis is used to reduce the shoul¬ 
der with gentle latéral humerai head translation in order 
to prevent fracture propagation or displacement, especially 
in the presence of a Hill-Sachs lésion or ostéopénie bone. 
Traditionally conservative treatment consists of shoul¬ 
der immobilization in internai rotation. MRI and cadaver 
studies hâve shown better coaptation of the Bankart lésion 
with the arm in external rotation than in internai rotation. 
Itoi et al tested this theory by randomizing 198 patients 
to either internai rotation (94 shoulders) or external 
rotation (104 shoulders) for 3 weeks. At a 2-year folio w- 
up they found the récurrent dislocation rate in the exter¬ 
nal rotation group (22 of 85; 26%) was significantly lower 
than that in the internai rotation group (31 of 74; 42%). 28 
Although promising, this data has not been reproducible. 
Another study found that early mobilization and shoulder 
brace-wear that restricted external rotation and abduction 
allowed 26 out of30 athlètes to return to compétitive sports 
following anterior dislocation. 29 

INDICATIONS FOR SURGERY 

Following a réduction, the decision for further surgical treat¬ 
ment is based on âge and activity levels. Young athlètes, espe¬ 
cially those 15 to 25 years old, and contact sports athlètes 
hâve high rates of récurrent dislocation and earlier surgical 


repair is often indicated. Patients aged 25 to 40 hâve a low 
récurrence rate and conservative treatment is usually the 
best option. Studies show good results of rotator euff repair 
with subacromial décompression are possible in symp- 
tomatic elderly patients failing conservative treatments. 30 
Operative stabilization is considered for those with limited 
function secondary to instability and those who hâve failed 
an adéquate trial of conservative therapy. 

CONTRAINDICATIONS 

The most important contraindication for arthroscopic man¬ 
agement is the presence of significant bone loss. Glenoid 
bone loss of 20% or more will increase failure rates dramati- 
cally. Significant humerai head bone loss (25%-30%) also 
precludes arthroscopic intervention. Most authors recom- 
mend open repair of a HAGL lésion. Arthroscopic treat¬ 
ment for traumatic anterior shoulder instability in collision 
athlètes is still controversial. Patients older than 40 years 
usually hâve low récurrence rates; however, they are often 
troubled by residual neurovascular defects and limited 
shoulder motion. Récurrent instability in this âge group is 
often associated with massive rotator euff tears. 23,26,31 In older, 
low-functioning patients a conservative approach to rotator 
euff repairs is recommended with physical therapy and cor- 
ticosteroid injection and surgical repair as needed. 32 Studies 
show good results of rotator euff repair with subacromial 
décompression are possible in symptomatic elderly patients 
failing conservative treatments. 30 

ARTHROSCOPIC ANTERIOR 
STABILIZATION 

Shoulder arthroscopy can be performed with the patient in 
either the beach chair or latéral decubitus position. We pre- 
fer the latéral decubitus position due to improved access to 
the inferior and posterior aspects of the glenohumeral joint, 
as documented by Seroyer et al. 33 An examination under 
anesthésia is performed to confirm the degree and pattern 
of instability. After stérile préparation the operative arm is 
secured at 20° of forward flexion and 50° of abduction with 
10 to 15 lb of latéral balanced suspension. 34 

The arthroscopic landmarks are palpated and marked. 
A 3-portal technique is utilized. A standard posterior 
portai is established and a 4-mm arthroscope is inserted. 
Next, using a spinal needle for localization, an anterior- 
superior portai is created under direct visualization. A skin 
incision large enough to accommodate a 5-mm cannula is 
made inferior to the antérolatéral aspect of the acromion. 
A midglenoid portai, large enough to accommodate an 
8.25-mm cannula, is established superior to the subscapu- 
laris and latéral to the coracoid. Diagnostic arthroscopy is 
performed evaluating for pathology of the glenoid labrum, 
rotator euff, or SLAP lésion or the presence of a Hill- 
Sachs lésion. Glenoid bone loss of greater than 6 mm from 
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FIGURE 47-11 A graduated arthroscopic probe is used to quantify 
glenoid bone loss. 



FIGURE 47-13 An arthroscopic elevator device is used to mobilize the 
scarred capsule and labrum. 


the bare spot to the anterior glenoid should be managed 
with an open shoulder stabilization and bony augmenta¬ 
tion (Fig. 47-11). MRI and MRA are poorly sensitive for 
evaluating capsular injuries and the diagnosis of a HAGL 
is must be ruled out intraoperatively. 11 If necessary, a 70° 
arthroscope can be utilized to evaluate the humerai bony 
insertions of the MGHL and IGHL 35 (Fig. 47-12). 

After completion of the diagnostic arthroscopy, the 
involved labrum and capsule are mobilized using an 
arthroscopic elevator device (Fig. 47-13). There is minimal 
retraction following an acute dislocation, but in récurrent 
dislocators it is not unusual to encounter an ALSPA with 
the false appearance of an absent labrum after medialization 



FIGURE 47-12 From a posterior portai view, the probe is brought in 
from an anterior-superior portai and is placed on an area of torn cap¬ 
sule known as humerai avulsion of the glenohumeral ligament (HAGL). 
The HAGL détachés off the humérus and the classic finding of a thin, 
strand-like anterior-inferior capsule is demonstrated here. 


and scaring to the glenoid neck (Fig. 47-14). Mobilization 
is sufficient when posterior fibers of the subscapularis mus¬ 
cle are seen. Alternatively, a probe can be used to assess the 
adequacy of mobilization by floating the labrum back to its 
anatomie position on the glenoid rim. The capsule should be 
gently abraded with a rasp, and the glenoid gently burred to 
remove enough soft tissue and bone to provide a fresh bony 
bed f or healing ( F igs. 47-15 and 47-16 ). In order to access the 
most inferior aspect of the joint, a 7-o clock (postérolatéral) 
portai may be utilized. The 7-oclock portai is established 
under direct visualization with a spinal needle 1 cm anterior 
and 2 cm latéral to the standard posterior portai. 36 

Three to 4 suture anchors preloaded with a #2 stitch are 
usually required to secure the glenoid to the labrum. The 
anchors are progressively placed through the 7-oclock or 



FIGURE 47-14 In this récurrent dislocator the labrum scarred medi- 
ally on the glenoid neck as an ALPSA lésion. It gives the false appear¬ 
ance that the anterior labrum is absent. 
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FIGURE 47-15 A footed rasp is used to débridé the capsule and 
labrum prior to repair. 


midglenoid portai starting at the inferior aspect of the lésion, 
just off the glenoid rim. It is critical to ensure that suture 
anchors are placed directly on the glenoid face to affect an 
appropriate labral shift (Fig. 47-17). The intent is to shift 
capsular tissue and the IGHL from an inferior to superior 
position to address the anteroinferior capsular stretch in jury 
(Fig. 47-18). The sutures may be placed in vertical or hori¬ 
zontal configurations, tying the knots on the capsular side to 
prevent mechanical abrasion on the glenohumeral cartilage 7 . 
On completion the capsulolabral repair should resuit in an 
anteroinferior bumper with sufficient tension and tissue 
dimpling (Fig. 47-19). 



FIGURE 47-16 An arthroscopic shaver is used to débridé the glenoid 
back to bleeding bone, taking care not to create iatrogénie glenoid 
bone loss. 



FIGURE 47-17 Proper placement of glenoid anchors on the glenoid 
face allows for appropriate capsulolabral shift. 



FIGURE 47-18 A suture shuttling device is used to shift capsular tissue 
from inferior to superior affecting an effective capsulolabral shift. 



FIGURE 47-19 Sutures are placed with knots tied on the capsular side 
to prevent articular cartilage abrasion with récréation of an anteroinfe¬ 
rior bumper and tissue dimpling. 
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OPEN ANTERIOR CAPSULORRHAPHY 

Open anterior stabilization can be achieved with the 
patient in the beach chair position with the use of either 
general anesthésia or régional intrascalene block supple- 
mented with local anesthetic to the axilla. As previously 
described, a physical examination under anesthésia is per- 
formed. An incision is made in the axillary fold from the 
inferior border of the pectoralis major tendon extending 
superiorly 5 cm toward the coracoid process. The dissec¬ 
tion proceeds through the deltopectorial fascia, retract- 
ing the cephalic vein and the deltoid muscle laterally, and 
the pectoralis muscle medially. The clavipectoral fascia is 
incised latéral to the coracobrachialis-biceps tendon ori- 
gin. The conjoined tendon is retracted medially taking care 
to avoid damaging the musculocutaneous nerve that runs 
deep to the conjoined tendons and médial to the coracoid. 

The subscapularis tendon is identified with the shoul¬ 
der in external rotation. Care is taken to identify the ante¬ 
rior humerai circumflex vessels at the inferior border of the 
subscapularis tendon. The subscapularis tendon is incised 
1 cm médial to the musculotendinous junction at the upper- 
most portion and tagged with a #2 suture for later repair. 
The tendon is separated from the underlying capsule with 
blunt dissection, developing the plane between the cap¬ 
sule and tendon with an elevator medially and inferiorly. 
Occasionally, ligation of the 3 circumflex vessels running 
inferior to the subscapularis tendon is necessary. Retracting 
the tendon medially exposes the anterior capsule. Care must 
be taken to avoid damage to the axillary nerve, which résides 
in the inferior capsular pouch. Alternatively, the subscapu¬ 
laris may be split in the midportion in line with its fibers, and 
the capsule identified medially on the glenoid neck, just deep 
to the subscapularis split. This approach is technically more 
challenging, but may offer postoperative benefit by preserv- 
ing subscapularis strength. 

The patients arm is placed in abduction and external 
rotation (ABER) to facilitate a capsulotomy. The anterior 
capsule is incised from the rotator interval to the antero- 
inferior capsular pouch 5 to 10 mm médial to its insertion 
on the humerai neck. It is important to maintain the arm in 
the ABER position to expose the most inferior part of the 
posterior capsule. The humerai head is retracted laterally 
with a ring retractor, and the capsule is retracted medially to 
inspect the labrum, the articular surfaces, and the posterior 
aspect of the supraspinatus tendon. 

After exposure of the capsule and identification of the 
Bankart lésion, the torn capsulolabral complex is elevated off 
the glenoid rim to the level of the glenoid neck. The glenoid 
rim is debrided, creating a bleeding bed before the placement 
of suture anchors. Three to 5 anchors are usually required for 
an adéquate repair. The capsule is shifted laterally and t he 
sutures are passed through the capsulolabral complex ana- 
tomically securing it back to the glenoid rim. 

The rotator interval and latéral capsulotomy are closed 
with nonabsorbable suture while maintaining the patients 
arm in the ABER position. In cases of capsular redundancy, 


the rotator interval is closed. To accomplish this, the capsule 
is incised between the MGHL and IGHL, creating 2 flaps. 
The inferior flap is shifted superiorly before shifting the arm 
into 20° of abduction and 35° of external rotation. After the 
position change, the superior flap is shifted inferiorly and 
secured with suture. Finally, if the rotator inter val remains 
lax, it is closed with suture with the arm in adduction and 
external rotation. 

Postoperatively we immobilize patients in an abduction 
sling for 6 weeks. Passive p endulum exercises are instituted at 
postoperative day 1, foliowed by supervised passive range of 
motion in the scapular plane for 6 weeks. Aggressive external 
rotation at the side and in abduction is avoided for 6 weeks, 
through progressive stretching and full range of motion, and 
an active range of motion plan is emphasized from weeks 
6 to 16. Participation in most sports is restricted for at least 
4 months and no contact sports allô wed until 6 months post 
surgery. 

OUTCOMES 

Bottoni et al randomized 24 patients to treatment with 
an arthroscopic tack versus immobilization. 37 At a mean 
follow-up of 36 months the dislocation rate was 75% in 
the nonoperative group versus 10% in the arthroscopically 
treated group. Larrain et al compared 18 patients treated 
with conservative measures versus 28 patients treated with 
an arthroscopic transglenoid suture anchor. 38 At a mean 
follow-up of 67 months there was a 94.4% récurrence rate 
in the nonoperative group compared with a récurrence rate 
of 3.6% in the arthroscopically stabilized group. Cho et al 
examined 29 athlètes at a mean of 61 months foliowing an 
arthroscopic Bankart suture repair. 39 The récurrence rate 
was 7% in the athlètes who participated in a noncollision 
sport versus a 17% récurrence rate in athlètes who partici¬ 
pated in a collision sport. 

ARTHROSCOPIC POSTERIOR 
STABILIZATION 

Indications 

A failure to respond to a well-executed physical therapy 
program for 6 months is an indication for surgical treatment. 
Similarly, if an athlete is unable to return to the preinjury 
level of compétition, surgery can be considered. Therapy has 
traditionally been more effective in those patients who hâve 
an atraumatic cause, as opposed to those with generalized 
ligamentous laxity or who hâve suffered a discrète traumatic 
event. 

Contraindications 

The procedure is contraindicated in patients with a history 
of voluntary instability, and a noncompliant patient regard- 
ing réhabilitation. 
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FIGURE 47-20 A posterior labral crack (Kim lésion) is identified with FIGURE 47-22 Completed posterior labral repair with a capsular 
an arthroscopic probe. plication and récréation of a soft tissue bumper. 


Surgical Technique 

An arthroscopic repair of a reverse Bankart lésion is very 
similar to an anterior repair. The patient is positioned in 
the latéral decubitus position with balanced suspension 
and a standard diagnostic arthroscopy is performed utiliz- 
ing a 3-portal technique: a standard posterior viewing por¬ 
tai, an anterior-superior portai in the rotator interval, and a 
7-oclock (postérolatéral) portai. 36 Although Kim et al dem- 
onstrated that the capsulorrhaphy can be performed without 
the use of suture anchors, a common cause of failure is not 
recognizing an incomplète crack of the posterior labrum. 24 
For this reason the labrum should be carefully probed prior 
to further capsular plication and, if présent, any Bankart 
or Kim lésions repaired with suture anchors (Fig. 47-20). 
Préparation of the posterior labrum and capsule is similar to 
that in anterior repairs (Fig. 47-21). A 1-cm capsular plica¬ 
tion is utilized in conjunction with labral repair using 3 to 
4 glenoid anchors from the 6-oclock to the 10-oclock posi¬ 
tion (Fig. 47-22). Following an open posterior repair patients 
are usually immobilized for 6 weeks, whereas those who 
undergo the arthroscopic procedure may begin weaning 
from the sling at about 4 weeks. Recommended positions for 
sling immobilization vary from neutral to 30° of abduction 
and neutral rotation. 



FIGURE 47-21 The posterior labrum is freed from the glenoid with 
an arthroscopic liberator device. 


Outcomes 

Williams et al reviewed their results following an isolated 
arthroscopic posterior capsulolabral repair with bioabsorb¬ 
able tack fixation in 27 patients with symptomatic posterior 
capsulolabral complex detachment from the posterior gle¬ 
noid rim after a distinct traumatic event, but with minimal 
posterior capsular laxity. 40 Ninety-three percent of patients 
subjective instability and pain was eliminated, who returned 
to unlimited athletic activity by 6 months. Kim et al prospec- 
tively reviewed 27 athlètes with traumatic unidirectional 
posterior instability treated with an arthroscopic posterior 
labral repair and capsular shiff. 41 Ail patients had a labral 
lésion, and 22 also had stretching of the posterior band of 
the IGHL. The posterior capsule was shifted superiorly in ail 
cases. Ail complété labral lésions were repaired directly and 
incomplète labral lésions were converted to complété tears 
and then repaired. The mean American Shoulder and Elbow 
Surgeons (ASES) Rating Scale scores improved from 51.2 to 
96.2. Ail but 1 patient had restoration of stability and were 
able to return to previous athletic activities with little or no 
limitations. 

Bradley et al reported the results of a prospective study 
on 91 athlètes treated with an arthroscopic capsulolabral 
reconstruction for posterior instability. 42 At a mean foliow- 
up of 27 months the mean ASES scores improved from 50.4 
to 85.7, with 89 patients returning to sport and 67 return- 
ing to the same level as preoperative. There were 11 failures 
due to an undiagnosed MDI, inadéquate capsular shift, and 
inadéquate récognition of poor capsular tissue quality in 
those patients referred after thermal capsulorrhaphy and 
capsular plication performed in an isolated fashion without 
suture anchors. 

Provencher et al reviewed 33 patients with a mean âge 
of 25 years (range, 19-34 years) who underwent posterior 
arthroscopic shoulder stabilization with a mean of 3 suture 
anchors or a mean 5 sutures in capsulolabral plication. 43 At 
a mean follow-up of 39.1 months (range, 22-60 months), the 
mean ASES rating was 94.6, the subjective Patient Shoulder 
Evaluation was 20.0, and the Western Ontario Shoulder 
Instability Index was 389.4 (81.5% of normal). Patients with 
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voluntary instability and prior surgery had worse outcomes. 
There were 7 failures, 4 for récurrent instability and 3 for 
symptoms of pain. 

MULTIDIRECTIONAL INSTABILITY 

Most patients with MDI hâve concomitant ligamentous lax- 
ity and should be treated without surgery. I nitial treatment 
for these patients is aggressive physical therapy for shoulder 
stabilization exercises. In patients who fail therapy, or those 
with symptomatic involuntary instability, operative treat¬ 
ment can be considered. 

Indications 

Some typical surgical indications include a failure to respond 
to a well-executed physical therapy program for 6 months, 
psychological stability with a négative history for voluntary 
instability, painful instability in more than 1 direction, and a 
clear understanding by the patient of the necessity for post- 
operative immobilization and subséquent réhabilitation. 

Contraindications 

The procedure is contraindicated in patients with a history 
of voluntary instability, unidirectional instability with a 
labral tear, and a noncompliant patient regarding réhabilita¬ 
tion. Patients are again placed in the latéral decubitus posi¬ 
tion with balanced shoulder suspension foliowing induction 
of anesthésia and an examination. A standard diagnostic 
arthroscopy is commenced and, in patients with MDI, a 
widened rotator inter val, a patulous capsule, and a flattened 
labrum known as a “drive-through sign” are often présent. 6 

Inferior and posteroinferior pathology are addressed 
before any anterior and SLAP lésions. The capsule is pli- 
cated with 3 to 5 sutures in the posteroinferior and inferior 
aspects of the capsulolabral complex. The goal of each stitch 
is to draw the capsule superiorly and medially. Anchors 
need to be utilized if labral pathology is présent. 44 During 
repair it is important to place the arm in ABER with per- 
pendicular suspension to decrease the risk of axillary nerve 
injury. 45 For patients presenting with a mild MDI picture, 
an isolated capsular shift through the rotator interval may 
be performed. 

Since the inferior capsular shift also addresses the inferior 
capsule, it too must be protected during the healing phase 
for a minimum of 6 weeks. Conventional braces that can be 
removed by the patient are a poor choice of immobilization 
in the initial postoperative management folio wing an infe¬ 
rior capsular shift. Our considérable expérience suggests that 
if a brace can be removed, it will be removed, especially in 
the âge group who undergo this type of procedure. Gravity is 
ever présent and removing a brace for dressing, showering, 
etc, subjects the repair to inferiorly directed forces that place 
the capsular repair in a precarious situation. Se ver al authors 


hâve reported on the importance of cast immobilization fol¬ 
io wing inferior capsular shift. 14-16 

The capsular ligaments and tissues can certainly stretch 
out in the early weeks following surgical intervention, 
whether open or arthroscopic. Therefore, the capsular repair 
that involves the management of at least 3 directions of insta¬ 
bility must be immobilized in those same 3 directions. Some 
authors prefer a spica cast to that of a removable brace or 
immobilizer. During the cast application, an assistant is hold¬ 
ing the arm in neutral rotation to balance the anterior and 
posterior capsule while simultaneously holding the arm in 
a cephalad position to relieve inferiorly directed forces. The 
waist belt portion of the cast is applied and molded around 
the iliac crests bilaterally. The iliac crests will ultimately bear 
the downward force of the arm and prevent any forces on the 
inferior capsular repair. The arm cylinder that extends from 
just above the wrist to the upper arm is then applied. Lastly, 
the waist piece is fixed to the arm piece with a strut of casting 
material. 


Outcomes 

Treacy et al performed a rétrospective study of 25 patients 
who underwent an arthroscopic capsular shift performed 
with the transglenoid technique after a failed course of phys¬ 
ical therapy. 46 The average âge was 26.4 years with 20 male 
and 5 female patients. Ail patients had a history of asymp- 
tomatic subluxation that slowly progressed to symptomatic 
subluxation. Eleven patients had a history of dislocation. At 
an average follow-up of 60 months (range, 36-80 months), 
the average Bankart score was 95 (range, 50-100). Eighty- 
eight percent of patients had a satisfactory resuit according 
to the Neer System. Ail but 1 patient regained full symmet- 
ric range of motion and 3 patients had épisodes of récurrent 
instability. 

More recently, Alpert et al analyzed the results of 
arthroscopic stabilization with labral repair in 13 patients 
(10 males and 3 females) with MDI and a frank labral tear, 
with a mean âge of 27.2 years. 47 At a mean follow-up of 
56 months (range, 29-72 months), 2 (15%) had récurrent 
instability after repair. The médian scores were as follows: 
Western Ontario Shoulder Instability Index, 471; ASES score, 
96.7; Simple Shoulder Test score, 12; visual analog pain s cale, 
0; and Short Form 12 mental component/physical compo- 
nent, 57/44. There were no différences in range of motion 
compared with the opposite extremity. 

Complications 

Complications of shoulder dislocation and surgical repair 
include récurrent dislocations, osteoarthritis, capsular 
necrosis, and neurovascular in jury. Osteoarthritis is a com- 
mon long-term complication following shoulder disloca¬ 
tion. Buscayret et al found that in 570 patients with shoulder 
dislocations a mean 6.5 years after surgery the incidence 
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of glenohumeral arthritis was found to be 9.2% to 19.7%. 48 
Pelet et al foliowed 30 shoulders over 29 years noting that 
40% had arthritis suggesting that Bankart repair procedures 
do not prevent the development of glenohumeral degen- 
erative arthritis. 49 Hovelius et al folio wed 247 patients with 
shoulder instability for 10 years noting that 20% developed 
mild osteoarthritis and 9% developed moderate to severe 
osteoarthritis. 50 

Récurrent instability is associated with âge at first dislo¬ 
cation and activity level. Younger patients (aged 15-25) and 
those involved in contact sports are at greater risk for redis¬ 
location. 2,23,26 Hovelius et al compared operative and nonop- 
erative treatment for glenohumeral instability and found that 
50% of patients with a primary anterior dislocation treated 
nonoperatively had no further dislocations or had become 
stable over the course of 25 years. 51 

Stiffness can complicate shoulder stabilization surgery, 
especially when coupled with prolonged immobilization and 
overtensioning of the soft tissues. If a shoulder has decreased 
motion preoperatively, it must be restored prior to any stabi¬ 
lization procedure. Loss of motion is a common complication 
following shoulder surgery. After anterior stabilization there 
is a predictable loss of external rotation due to sélective tight- 
ening of the anterior capsule. Although a small loss of external 
rotation is typically tolerated well, excessive anterior-superior 
capsular tightness manifested by loss of external rotation 
results in posterior shearing of the humerai head on the gle- 
noid surface resulting in articular degeneration. 52 

Osteonecrosis of the humerai head has been reported 
following simple dislocations; however, this is more fre- 
quently encountered following in jury to and surgical repair 
of anatomie humerai neck fracture-dislocations. 2,53 The 
risk of osteonecrosis increases with the degree of fracture- 
dislocation. Symptomatic osteonecrosis can be surgically 
treated with arthroplasty. 

Intraoperative complications include neurovascular dam¬ 
age, subscapularis rupture, chondrolysis, and hardware fail- 
ure. These are rare but devastating complications that can 
be avoided through meticulous preoperative planning and 
meticulous intraoperative technique. In jury to the axillary 
and musculocutaneous nerve can be prevented by avoiding 
excessive humerai distraction and careful placement of por¬ 
tais and capsular sutures. Thermal capsulorrhaphy has fallen 
out of favor to treat shoulder instability due to a high fail- 
ure rate, capsular necrosis, and potential cartilage concerns 
including chondrolysis. 
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SHOULDER ARTHROSCOPY 
Rationale 

A recent study demonstrated that from 1996 to 2006 the 
number of arthroscopic rotator cuff repairs performed in 
the United Kingdom increased by a factor of 4, and that 
an arthroscopic surgical repair of patients with a first-time 
shoulder dislocation has doubled. 1 

Open surgical techniques hâve encountered certain com¬ 
plications that can be reduced with arthroscopic approaches. 
Wound infection, stiffness, and deltoid and subscapularis 
dehiscence hâve been reported after arthrotomy. 2,3 

There are many shoulder surgical procedures that are 
being performed arthroscopically at the présent time. Each 
of these procedures has benefits and potential pitfalls. We 
will présent the basic setup, indications, contraindications, 
and techniques as they apply to impingement, rotator cuff 
tears, and SLAP tears. 


GENERAL SETUP AND ARTHROSCOPIC 
SHOULDER PORTALS 

Anesthésia 

Shoulder arthroscopy can be performed under general anes¬ 
thésia, régional anesthésia, or a combination of both. When 
régional anesthésia is employed, typically in the form of a 
brachial plexus block, the patient can be sedated, and general 
anesthésia with intubation avoided. A commonly utilized 
block is the interscalene block, which has been shown to 


reduce postoperative pain and improve early recovery time 
compared with general anesthésia. 4 There is less of a require- 
ment for narcotics during surgery, avoiding the potential 
side effects of these médications. The interscalene block is a 
proximal brachial plexus block, and anesthetizes the supra- 
clavicular nerves and upper roots of the brachial plexus. This 
results in analgesiaover the entire shoulder area. Use of ultra- 
sound guidance allows visualization of the brachial plexus 
and vascular structures (Fig. 48-1). Other blocks, such as the 
supraclavicular, infraclavicular, and axillary blocks, may not 
provide adéquate anesthésia, as they spare the higher bra¬ 
chial plexus roots. 5 Potential contraindications to the use 
of an interscalene block include difficult anatomy due to a 
short or obese neck, certain preoperative neurologie injuries, 
and compromised respiratory status as the interscalene block 
often paralyzes the phrenic nerve. 

Patient Positioning 

Two options exist for patient positioning during shoulder 
arthroscopy, the beach chair position and the latéral position. 
In the beach chair position, the orientation is more familiar 
to surgeons, arm positioning and manipulation during t he 
procedure is less obstructed, conversion to an open surgery 
is easier, and the body position may be better tolerated in 
a minimally sedated patient (Fig. 48-2). Spécial anesthetic 
précautions are necessary when a patient is sitting t o avoid 
unrecognized hypotension and diminished cérébral vascular 
blood flow. The latéral position allows for joint distraction 
and better access to the posterior and inferior aspects of the 
glenohumeral joint (Fig. 48-3). S orne surgeons utilize 1 posi¬ 
tion for ail cases while others change the setup depending 
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FIGURE 48-1 Ultrasound-guided interscalene b lock provides régional 
pain relief. 


on pathology to be addressed, performing rotator cuff repair 
and subacromial décompressions in a beach chair position, 
and using the latéral position to treat articular pathology 
(ie, a SL AP repair). Both positions require specialized equip- 
ment to support the head, neck, trunk, and legs. The beach 
chair requires spécial table attachments, and cervical and 
arm support, while the latéral position requires a traction 
device to suspend the arm. 

Equipment 

The standard arthroscopic equipment includes a 4-mm 
30° arthroscope and inflow/outflow ports connected 
to a pressure-regulating saline pump, and a variety of 
arthroscopic probes, punches/biters, and graspers, as well 
as motorized shavers, burs, and electrocautery devices. 



FIGURE 48-2 Beach chair positioning for shoulder arthroscopy with 
adjustable arm support. 



FIGURE 48-3 Latéral decubitus positioning for shoulder arthroscopy 
with arm suspension. 


Depending on the procedure, suture anchors, suture deliv- 
ery instruments, and cannulae may be required. 

Portais and Relevant Anatomy 

The 3 standard portais utilized for shoulder arthroscopy 
are the anterior, posterior, and latéral portais (Fig. 48-4). 
Additional small portais or punctures may be added to 
facilitate placement of anchors and suture management. The 
posterior portai is generally established first. This portai is 
located 1 to 2 cm inferior and 1 cm médial to the postéro¬ 
latéral corner of the acromion. A soft spot can usually be 
palpated in this area and corresponds to the posterior gle- 
nohumeral joint line. The glenohumeral joint is located with 
a spinal needle and then insufflated with 50 cm 3 of saline 



FIGURE 48-4 Right shoulder with arthroscope in the posterior view- 
ing portai. Anterior, latéral, and postérolatéral portais are marked. 
A, anterior; AC, acromioclavicular; L, latéral; PL, postérolatéral. 
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prior to incising the skin, followed by introducing a blunt 
trocar. The trocar should be slowly advanced with a twist- 
ing motion, entering the superior aspect of the glenohumeral 
capsule while keeping a finger on the coracoid to aid in tri¬ 
angulation as the trocar is advanced toward this point. The 
trocar tip may encounter bone, but by gently joint distract- 
ing and rotating the humérus, the trocar can be redirected. 
The anterior portai is usually established with an outside- 
to-inside technique while inserting a spinal needle under 
arthroscopic control. Generally, the portai lies in line with 
the coracoid and the antérolatéral corner of the acromion. 
This portai should pierce the joint capsule within the rota- 
tor cuff inter val. These 2 portais are usually sufficient for 
most diagnostic procedures and for debridement of the gle¬ 
nohumeral joint. The surgeon can visualize the anterior and 
inferior compartments through the anterior portai. Both of 
these skin portais can be utilized to access the subacromial 
space by redirecting the arthroscope and instruments with- 
out additional incisions, but a latéral portai is often neces- 
sary as well. This portai is established approximately 3 cm 
latéral to the latéral aspect of the anterior third of the acro¬ 
mion. Care must be taken not to make this portai too close to 
the latéral edge of the acromion to avoid contact with bone, 
which may limit access to the médial aspect of the acromion 
and the acromioclavicular (AC) joint. Other portais hâve 
been described, such as the antérolatéral portai, 5-oclock 
portai, Neviaser portai, postérolatéral portai, and the portai 
of Wilmington, which may be necessary for articular and 
bursal operations. The neural structures at risk during the 
placement of the portais include the axillary nerve, supra- 
scapular nerve, musculocutaneous nerve, and the brachial 
plexus. The axillary nerve is deep to the deltoid as it courses 
around the humérus approximately 5 cm from the margin 
of the acromion. Portais placed inferiorly or medially may 
endanger this structure. 

SUBACROMIAL IMPINGEMENT 
SYNDROME 

Rationale and Basic Science 

The subacromial impingement syndrome refers to a spec- 
trum of conditions producing anterior and latéral shoulder 
pain that occur as a resuit of compression of the supraspina- 
tus tendon, the subacromial bursa, and the long head of the 
biceps tendon from the acromion, the coracoacromial liga¬ 
ment, and the under sur face of the AC joint 6 during forward 
élévation of the arm. Controversy exists as to the pathophys- 
iology of this condition. Some propose an “extrinsic com¬ 
pression” etiology due to the curvature of the acromion, the 
development of bony spurs on the underside of the acromion, 
or the development of AC joint arthritis that créâtes com¬ 
pression of the rotator cuff in an abducted or forward flexed 
shoulder. 7-9 Others propose “intrinsic tendon degeneration” 
as the first step, with superior migration of the humerai head 
leading to narrowing of the acromiohumeral inter val. This 


theory suggests that the réduction of this potential space 
gradually leads to changes on the underside of the acromion 
and impingement. 10,11 In the end, both théories likely hâve 
merit, and a combination of intrinsic and extrinsic factors 
contributes to a self-perpetuating cycle of impingement. 

Indications and Contraindications 

Surgical treatment of subacromial impingement with an 
acromioplasty and subacromial décompression is generally 
indicated when a patient has failed nonoperative treatment. 

Patients should hâve near-normal passive shoulder range 
of motion. A relative contraindication is a patient with radic- 
ular symptoms in the scapula and upper extremity since this 
may be secondary to a cervical radiculopathy, although both 
may coexist. 

Contraindications include an active skin or deep infec¬ 
tion, or a stiff shoulder that may be in the early phases of 
adhesive capsulitis. Preoperative imaging including plain 
x-rays and MRI can help identify the pathology and degree 
of cuff tendinosis (Fig. 48-5). Clear evidence of subacromial 
spurs combined with pathologie changes in the supraspina- 
tus and possibly the long head of the biceps tendon supports 
the diagnosis. Full- or partial-thickness rotator cuff tears are 
common, and the surgeon should be prepared to address the 
tears with debridement or repair depending on the patient, 
location of the tear, and degree of tendinopathy. Another 
contraindication to décompression is incorrect preoperative 
diagnosis (ie, shoulder instability in a young patient). 

Surgical Technique 

Arthroscopic subacromial décompression is performedfol- 
lowing a thorough diagnostic exam and treatment of any 
articular glenohumeral pathology. If a rotator cuff repair 



FIGURE 48-5 MRI view of patient with acromial impingement adja¬ 
cent to the supraspinatus insertion. 
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is anticipated, the décompression is performed after deter- 
mining if the rotator cuff lésion is repairable. The working 
portais include the anterior, posterior, and latéral portais 
as described above. The arthroscope is introduced into the 
subacromial space through the posterior portai. The cam¬ 
éra is swept médial to latéral to visualize a space within the 
bursa to begin a bursectomy. The anterior portai is often 
used for an inflow cannula. The latéral portai is established 
from outside to inside after localization with a spinal needle 
to confirm that the planned portai location allôws full access 
to the entire underside of the anterior acromion and the AC 
joint. A shaver is introduced through the latéral portai. The 
debridement is performed with the shaver opening always 
facing superiorly to avoid iatrogénie damage to the rotator 
cuff. The shaver and electrocautery instruments are used to 
define the anterior and latéral edges of the acromion. The 
AC joint can also be identified, and its capsule should not 
be violated if there is not a plan for a distal clavicle exci¬ 
sion. An electrocautery device is used to strip periosteum 
and soft tissue from the undersurface of the acromion, limit 
bleeding, and define the bone margins. Once soft tissue has 
been thoroughly cleared, the shape of the acromion should 
be fully appreciated. A spur, hook, or prominence of the 
anterior aspect of the acromion can now be identified and 
resected using an arthroscopic bur (Fig. 48-6). The shaver 



FIGURE 48-6 Latéral view of a hook-shaped acromion. Line created to 
détermine amount of bone to resect. 



FIGURE 48-7 Arthroscopic latéral view after removal of the acromial 
osteophyte. 


and bur are alternated using the latéral portai. The view- 
ing portai can be switched to the latéral portai to provide 
a panoramic view of the profile of the acromion. The bur 
is placed in the posterior portai and used to create a flat- 
tened acromial undersurface. The goal is to remove bone 
from the antérolatéral aspect of the acromion and taper 
the resection posteriorly and medially to achieve a smooth 
undersurface, flatten the acromion, and reduce any ante¬ 
rior extension beyond the AC joint (Fig. 48-7). The amount 
of bone resection should be determined by preoperative 
imaging studies and intraoperative évaluation. The cora- 
coacromial ligament is often identified in the subacromial 
space, and the acromial attachment can be preserved with 
careful resection of the acromial osteophyte, especially in 
the setting of a large rotator cuff tear, as the coracoacromial 
ligament is a restraint to anterior and superior migration of 
the humerai head. 

The AC joint may also be an independent source of pain 
or may contribute to impingement if large osteophytes hâve 
developed. Resection of these osteophytes and any distal 
clavicle excision can be performed at the same time as the 
subacromial décompression. For a complété resection of the 
distal clavicle, the anterior portai may be used for the shaver 
and bur while the arthroscope is in the posterior portai. 
The space developed between the acromion and clavicle is 
approximately 1 cm. The resection includes the clavicle facet 
of the acromion in addition to the distal clavicle (Fig. 48-8A 
and B). Failure to completely resect the distal clavicle may 
lead to continued pain, with the most common area being 
the posterior superior distal clavicle. To confirm a com¬ 
plété resection, the arthroscope may be switched to the 
anterior portai, and if further resection is deemed neces- 
sary, the shaver and bur are used from the posterior portai. 




Chapter 48 Shoulder Arthroscopy 


651 




FIGURE 48-8 Acromioclavicular joint impingement. A. Clavicular spur impinging on supraspinatus muscle tendon j unction. B. Resection of 
distal clavicle. 


Préservation of the superior and posterior capsular struc¬ 
tures and the coracoclavicular ligaments is important to the 
stability of the distal clavicle. 

Complications 

Complications during a subacromial décompression are 
the lowest of ail arthroscopic shoulder procedures, but may 
occur. In general, the complication rate has been reported at 
0.25% to 2%. 1() Complications include stiffness, postopera- 
tive infection, and récurrence or persistence of symptoms. 
Branches of the thoracoacromial artery can be lacerated and 
lead to significant bleeding and hematoma. The rotator cuff 
and structures deep to the cuff can be damaged by inadver- 
tent shaving or use of a thermal de vice. Overresection or 
incorrect location of resection of the acromion can lead to 
the potential for fracture. Overresection of the distal clavicle 
can lead to a compromise of the capsule and stabilizing liga¬ 
ments, creating instability of the AC joint (Fig. 48-9). 

Outcomes 

Davis et al performed a meta-analysis of arthroscopic versus 
open acromioplasty with minimum follow-up of 1 year. The 
analysis focused on 1-year clinical outcome and included a 
comparison of an objective 100-point score, hospital stay, 
time until return to work, operative time, and complications. 
No significant différences were found in clinical outcomes or 
complications for the 2 groups in the 9 studies that met their 
criteria. However, open acromioplasty was associated with 
longer hospital stays (2.3 days, P = .05) and a greater length 


in time until return to work (65.1 days) compared with the 
arthroscopic technique (48.6 days). 11 

Odenbring et al reviewed 24 male patients/31 shoulders, 
with a mean âge of 49 years (range, 33-68 year s) who under- 
went an arthroscopic acromioplasty. A group of 22 men 
(29 shoulders) operated on with an open acromioplasty 
served as Controls. At 12 to 14 years the mean UCLA score 
was 32 points (SD, 5 points) for the patients treated with 
arthroscopic acromioplasty and 28 points (SD, 8 points) for 
those treated with open acromioplasty. The rate of change 
from baseline in UCLA score over time was significantly 
better after arthroscopic surgery than after open surgery. 12 



FIGURE 48-9 Resection of AC joint capsule and portions of the cora¬ 
coclavicular ligaments. 
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Advantages of arthroscopic subacromial décompression 
include préservation of the deltoid and coracoacromial liga¬ 
ment attachments, and visualization of articular structures 
including the undersurface of the rotator cuff and biceps ten¬ 
dons. Overall, high patient satisfaction should be expected 
after décompression. Bengtsson et al evaluated 50 patients 
with a mean âge of 49 (27-72) years and noted a significant 
improvement in both the médian DASH score and the VAS 
at 6 months foliowing surgery. 13 

ROTATOR CUFF TEARS 
Rationale and Basic Science 

Rotator cuff tendinopathy includes a spectrum of conditions 
ranging from tendinitis to partial- and full-thickness tears 
involving multiple tendons. 6 Tears can occur in many âge 
groups, but can generally be divided into tears in younger, 
more active patients following an acute injury or répétitive 
overhead activity, tears in middle-age patients that présent 
more insidiously and often relate to activity and subacro¬ 
mial space changes, and tears in the elderly resulting from 
graduai degeneration of the cuff. Symptoms include night 
pain, shoulder weakness, loss of active range of motion, and 
muscle atrophy. The degree of disability may not necessar- 
ily reflect the size of the tear. Patients with small symptom- 
atic tears can be more disabled than patients with minimally 
symptomatic larger tears. As the number of involved tendons 
increases, the degree of disability increases. Multiple tendon 
tears can destabilize the glenohumeral articulation, leading 
to superior migration of the humerai head (Fig. 48-10). 

Indications and Contraindications 

When discussing treatment options, factors to consider 
are duration of symptoms, shoulder dominance, extent of 



FIGURE 48-10 Superior migration of the humérus due to a large rota¬ 
tor cuff tear. 


disability experienced by the patient, type of tear, health 
of the patient, and patient activity level. An acute, full- 
thickness, symptomatic tear in an otherwise healthy and 
functional individual is an indication for surgery. In this case, 
surgical repair should be performed within 6 to 12 weeks 
following in jury, as delayed treatment may lead to tendon 
retraction and irréversible muscle changes. 14-16 In elderly 
or lower-functioning patients, those with chronic tears, or 
those who cannot comply with the postoperative therapy 
protocol, nonoperative treatment is recommended as the 
initial treatment. Basic activities of daily living not requiring 
a flexed or abducted shoulder are usually well tolerated, and 
limited corticosteroid injections and NSAIDs often provide 
adéquate pain control. 17 

For most tears, a trial of conservative treatment consisting 
of exercise, physiotherapy, activity modification, NSAIDs, 
and corticosteroid injections is recommended. The 2011 
AAOS Clinical Practice Guideline recommendations, how- 
ever, could only find evidence to support the use of exercise 
and NSAIDs, and could not recommend for or against the 
other modalities. 18 Patients may consider the benefits of 
a structured physical therapy program or an independent 
program to improve the glenohumeral mechanics. In young 
patients with partial tears, surgical treatment is indicated in 
selected patients who hâve failed 12 weeks or greater of con¬ 
servative management, provided they hâve a normal passive 
range of motion. In these cases, arthroscopy is performed to 
assess the degree of the tear, with many authors recommend- 
ing debridement for minor tears less than 25% to 50% of the 
cuff thickness and repair for larger tears. 17 Contraindications 
include infection, advanced glenohumeral arthritis, fixed 
proximal migration of the humerai head, or advanced atro¬ 
phy of the rotator cuff muscles suggestive of an irréparable 
tear. A relative contraindication is a patient who is unable to 
comply with the postoperative immobilization and réhabili¬ 
tation program. 

Surgical Technique 

The goals of the arthroscopic rotator cuff repair should be 
to achieve a high initial fixation strength, to restore the ante- 
rior and posterior force couple balance, and to optimize a 
tendon-to-bone healing potential. Various techniques hâve 
been developed to achieve these goals, and reaching the end 
points requires significant skill and practice. Regardless of 
the chosen technique, some common underlying principles 
should be emphasized to optimize chances of a successful 
surgery. 

Appropriate portai sélection is essential to allow proper 
visualization, mobilization, and repair. The posterior por¬ 
tai is the primary visualization portai. Consider placing 
this portai or creating an additional portai more latéral to 
facilitate visualization. A n anterior portai is then established 
under direct visualization. Using an outside-to-inside spinal 
needle technique, antérolatéral and latéral working portais 
are established depending on the anticipated tendon repair. 
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Additional portais include punctures adjacent to the latéral 
acromion for anchors to be placed in the greater tuberosity 
and an anterior puncture latéral to the coracoid for lesser 
tuberosity anchors. Additional médial portais (ie, a Neviaser 
portai) in the supraspinatus fossa may facilitate instrument 
and suture passage. 

Diagnostic glenohumeral arthroscopy is carried out 
to classify the shape and mobility of the tear, as well as to 
address intra-articular pathology. The articular surfaces 
of the shoulder are visualized and the biceps tendon is 
inspected. An articular release of the capsule will assist in 
tendon mobilization. A thorough bursectomy is performed 
with a shaver and radio-frequency device to improve visu- 
alization. The subacromial space is inspected using the pos¬ 
ter ior and latéral portais to ensure complété visualization of 
the tear as well as to assess for impingement (Fig. 48-11). If 
subacromial décompression is necessary, it is préférable to 
per for m this prior to the repair, to create additional working 
space for the instruments. 

The scope is rotated between the latéral and posterior por¬ 
tais. Grasping instruments are used to détermine the repair 
construct based on the ability to mobilize the torn ends. The 
mobility of the rotator cuff is assessed in both the medial- 
to-lateral and anterior-to-posterior directions. Additional 
tissue mobilization may be required, especially for large 
and massive cuff tears. Acromial and subdeltoid adhesions 
should be thoroughly released with radio-frequency and 
motorized instruments. An anterior release to the base of 
the coracoid and a posterior release adjacent to the spine 
of the scapula can be performed, takingcare to avoid in jury 
to the suprascapular nerve and vascular structures. The rota¬ 
tor cuff margins are then gently debrided, and the greater 
tuberosity bone bed is prepared by removing degenerative 



FIGURE 48-11 Posterior view of a medium size rotator cuff tear and 
exposed biceps tendon. 



FIGURE 48-12 Margin convergence sutures of an L-shaped tear 
extending médial along the rotator interval. 


and devitalized tissue. A tendon quality, évaluation of the 
fixation, and the tension of the cuff repair détermine the sta- 
bility of the repair. A convergence technique for “L-shaped” 
tears will reduce tension on the repair. 19 “L”- and “reverse- 
L”-shaped tears should be reapproximated with side-to-side 
sutures to reestablish the correct direction of muscular t en- 
don attachment (Fig. 48-12). “U”-shaped tears mayalsoben- 
efit with side-to-side sutures to avoid overtensioning during 
reattachment to the tuberosity. 

Adéquate fixation during the soft tissue repair to bone is 
essential to create a secure repair. The tendon-bone contact 
area should be maximized to promote healing. Multiple fixa¬ 
tion points in the tissue with additional suture anchors or 
with double- and triple-loaded anchors will help improve 
initial fixation strength and repair quality, as well as reduce 
the risk of suture cutout through damaged tendons. 20 ’ 21 Either 
single- or double-row anchor constructs can be selected, 
depending on the mobility of the tendon. In cadaver and 
clinical studies, double-row constructs hâve been shown 
to be the most successful in restoring the tendon insertion 
footprint and hâve a higher load to failure, although clini¬ 
cal benefit has not been demonstrated. 22 There is concern of 
overtensioning a repair by lateralizing the tendon of a patient 
with a retracted tear. A combination of mattress and simple 
suture technique will further increase bone-tendon contact 
area. Anchors should be inserted such that the angle of both 
the suture and tendon to the anchor is <45°. 23 Anchors are 
systematically placed along the tuberosity, and sutures are 
passed through the free edge of the tear. The subscapularis is 
repaired initially due to the restricted space to work within. 
The posterosuperior aspect of the tear can be addressed from 
the posterior margin of the tear, working toward the rota¬ 
tor interval (Fig. 48-13). This will provide additional fixation 
strength to the external rotators of the shoulder and reduce 
the potential “dog-ear” deformity of a nonanatomical repair. 
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FIGURE 48-13 Infraspinatus repair right shoulder through posterior 
viewing portai. 


Postoperatively, patients are placed in a padded sling for 
6 weeks with the shoulder in slight abduction and external 
rotation. The patients are permitted to perform pendulum 
exercises, shoulder shrugs, elbow flexion and extension, and 
grip strengthening during the initial sling period. Formai 
physical therapy is delayed until 5 weeks postoperatively, at 
which time supine forward flexion, table slides, and gentle 
external rotator stretches are initiated and slowly advanced. 
Formai strengthening begins at 12 weeks. 


Outcomes 

Multiple studies hâve demonstrated the efficacy of 
arthroscopic rotator cuff repair. Patient satisfaction responses 
seem to be better than actual rate of rotator cuff healing. One 
study demonstrated 87% good to excellent results using the 
UCLA score at 46 months postoperatively in 607 repairs and 
another reported 92% patient satisfaction at 35.8 months after 
surgery in 102 repairs. 28 ’ 29 In a recent study providing 5-year 
foliow-up, the 106 patients included were found to hâve sig- 
nificant functional improvement, ASES scores went from 52.6 
to 92.6, and 81.2% had a healed rotator cuff by ultrasound. 30 
Persistent defects in the rotator cuff reattachment hâve shown 
to be detrimental to strength and possible progression of mus¬ 
cle atrophy changes, in spite of pain relief in many patients. 31 

SUPERIOR LABRUM ANTERIOR- 
POSTERIOR TEARS 

Rationale and Basic Science 

Injury to the superior aspect of the glenoid labrum (SLAP) 
and biceps tendon origin can resuit from traction injuries 
on the upper extremity, compressive injuries from répéti¬ 
tive overhead throwing activities, or torsional injuries 
(Fig. 48-14). Increased impaction stress on the undersurface 
of the cuff with the labrum during the cocking and accél¬ 
ération phases of throwing créâtes a peel-back in jury to the 
insertion of biceps anchor. 32 Patients with SLAP tears often 
hâve concomitant shoulder pathology, and clinical diagnosis 
can be difficult. Pain is the most frequent complaint; however, 
it is often nonspecific. The physical findings can be variable, 


Complications 

Retear rates after arthroscopic repair of small- and medium- 
sized tears are similar to that of open repair, with most 
reports citing around 10% to 30% retear rate. 24 There is 
some evidence that retear rate for massive cuff tears may 
be slightly higher in the arthroscopically repaired group 
compared with an open repair. 25 Loosening of the suture 
anchors can occur, but published rates of hardware failure 
hâve been less than 1%. 26 Postoperative stiffness is a con- 
cern after any rotator cuff repair, and around 5% of patients 
can expérience stiffness after arthroscopic repair. Most 
patients can be successfully managed with physiotherapy; 
however, arthroscopic capsular release may be needed and 
has been shown to be highly successful. 27 It is preferred to 
delay the release for 6 to 10 months to allow initial tendon 
healing, making the postoperative period less restrictive. 
Postoperative infection is uncommon and should be treated 
with debridement, irrigation, and removal of ail accessible 
foreign material. Monofilament sutures can be used to 
maintain tendon positioning while proper antibiotic treat- 
ment is administered. 



FIGURE 48-14 Superior labrum tear (SLAP II) in right shoulder with 
biceps anchor instability. 
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and advanced imaging with conventional MRI only achieves 
91% specificity at best, 33 and is often lower in the community 
setting. Performing the MRI with articular contrast increases 
the diagnostic accuracy. 34 Arthroscopy remains the most 
sensitive and spécifie method of diagnosis, and should be 
considered after at least 3 to 6 months of conservative man¬ 
agement in a patient with a clinically suspected SL AP tear. 

Indications and Contraindications 

The goals of arthroscopic treatment for SL AP tear s are to 
relieve pain, restore the biceps anchor, and improve gleno- 
humeral stability. Symptomatic type ISLAP lésions (superior 
fraying with labral and biceps anchor intact) can be treated 
with simple, gentle debridement. If a concomitant rotator 
euff repair is being performed, especially in older patients 
with degenerative tears, debridement and biceps tenotomy 
is recommended. 35 Type II lésions (pathologie detachments 
of labral and biceps anchor) may destabilize the shoulder 
and should be considered for repair in patients with gle- 
nohumeral instability, hyperlaxity, and select overhead 
athlètes. Type III lésions (bucket-handle type with secure 
biceps anchor) can be resected, or if the middle glenohu- 
meral ligament is unstable, repaired if attached to the torn 
labrum. The treatment of type IV tears (bucket-handle type 
with extension into biceps tendon) dépends on the extent of 
bicep involvement. Lésions involving less than 30% of bicep 
thickness can be debrided. Tears involving greater than 30% 
of biceps tendon in younger patients should be repaired if 
unstable, or a tenotomy or tenodesis of the biceps tendon 
performed, if older (Fig. 48-15). In middle-age patients with 
a stable shoulder, labral debridement and biceps tenodesis or 
tenotomy is appropriate. 



FIGURE 48-15 SLAP IV tear (right shoulder) with tear extending into 
the biceps tendon. 


Surgical Technique 

A posterior articular viewing portai, an anterior interval 
portai, and an anterosuperior working portai that allows a 
45° angle of approach to the anterosuperior corner of the 
glenoid are established. As the labral detachment extends 
posteriorly, a transrotator euff portai, such as t he portai of 
Wilmington, may also be needed. Diagnostic arthroscopy is 
carried out, and a probe is used to test the stability of the 
biceps anchor and superior labral attachments, keeping in 
mind that a normal sublabral sulcus can extend up to 5 mm 
médial to the articular surfaces. Other spécifie findings con¬ 
sistent with a labral tear include a displaceable biceps anchor, 
a positive peel-back sign, and a positive drive-through sign, 
which are tested for by sweeping the arthroscope from supe¬ 
rior to inferior between the glenoid and humerai head. Next, 
the bone bed beneath the detached labrum on the superior 
neck of the glenoid is gently debrided to a bleeding bone 
base with a shaver. 

Suture anchor fixation is the preferred method for secur- 
ing the detached labrum to the glenoid. The location of 
the anchors often dépends on the extent of the tear; how- 
ever, biomechanical studies hâve shown that se ver al anchor 
configurations with both anchors posterior, 1 anterior and 
1 posterior to the biceps origin, or a multiple-stitch anchor 
are mechanically effective at resisting pullout. 36 The anchor 
is placed at the posterior edge of the biceps to avoid unin- 
tentional closure of the fovea. Once the anchor is secured to 
bone, a suture passer is used to thread the suture through the 
labrum from articular to superior margins. Mattress sutures 
are helpful to minimize risk of knot impingement and over- 
constraint of the biceps anchor (Fig. 48-16). After securing 
the labrum with arthroscopic knots, revisit the peel-back and 
drive-through test to confirm an adéquate repair. 



FIGURE 48-16 Mattress sutures placed through superior labral tear 
securing the biceps anchor to the abraded glenoid neck. 
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Postoperatively, the patient is placed into a padded sling 
with the arm at their side. Passive external rotation of the 
shoulder with the arm held at the side and elbow range of 
motion are allowed immediately. The sling is discontinued 
after 3 to 4 weeks, and passive élévation is initiated. From 
week 3 to week 6, progressive passive flexion and external 
rotation as tolerated are permitted. At 6 weeks, stretching 
and flexibility exercises are continued, and strengthening 
exercises for rotator cuff and scapular stabilizers are intro- 
duced. Biceps strengthening can begin at 8 weeks postoper¬ 
atively. Athlètes may begin an interval throwing program on 
level surfaces at 4 months. At 6 months, pitchers may begin 
throwing full speed on level ground, and at 7 months they 
progress to throwing off of a mound. Posteroinferior capsu- 
lar stretching should be emphasized throughout the rehab 
process and should continue indefinitely to avoid re-injury. 
Avoidance of stiffness is emphasized during the réhabilita¬ 
tion period folio wing repair. 

Complications 

Typical postoperative complications can be encountered 
such as infection and hematoma. Complications spécifie 
to SLAP repair include injury to glenoid chondral surface 
during anchor placement, anchor pullout and subséquent 
loose body, synovitis related to biodégradable anchors, 
shoulder stiffness, and failure of repair (Fig. 48-17). 



FIGURE 48-17 Postoperative stiffness in left shoulder following a 
SLAP repair. 


Return to throwing has been a reported problem follow¬ 
ing SLAP repair due to a réduction of external rotation 
in the abducted shoulder. 37 The results from SLAP repair 
hâve not been as successful as many other shoulder proce¬ 
dures. This may be due to patient sélection, overconstraint 
of the biceps anchor, types of demanding activities being 
considered after surgery, and poor vascularity in the area 
of potential healing. Patients need to be counseled on the 
potential for loss of maximum abduction and external rota¬ 
tion following a SLAP repair. 

Outcomes 

In a studylookingat long-term results of simple debridement 
for SLAP lésions, the initial goal of pain relief was achievedin 
three quarters of patients during the firstyear after surgery. 
However, at 2-year foliow-up, only 7% of patients remained 
asymptomatic. Further studies postulated that labral tears 
hâve associated occult instability and that debridement may 
be bénéficiai for short-term relief. In general, after SLAP 
repair in carefully selected patients, one can expect good-to- 
excellent pain relief and return to near-normal function. For 
athlètes wishing to return to sports at their pre-injury level, 
the results are less predictable, with outcome studies varying 
in success rates from 22% to 84%. 37-39 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

The rationale behind shoulder arthroplasty is to restore func- 
tion and reduce pain in the glenohumeral joint. 1 Humerai 
head replacement and total shoulder arthroplasty comply with 
this objective by reproducing shoulder anatomy and replacing 
humerai or both humerai and glenoid bearing surfaces. 

Reverse shoulder arthroplasty has been designed to 
address cuff-déficient shoulders by transferring the center 
of rotation of the humérus medially and downwards thereby 
tensioning the deltoid muscle. 2 

INDICATIONS 

The idéal indications for humerai head replacement, total 
shoulder and reverse arthroplasty continue to evolve as sur- 
gical expérience and scientific evidence show that there are 
often overlapping indications. The indications are individ- 
ualized based on the underlying pathology, âge (biological 
factors), and patient expectations. 

One indication for shoulder replacement is that of a non- 
reconstructible proximal humerai fracture (4-fragment dis- 
placed fracture or humerai head-split fracture) where there 
is a high likelihood of failure foliowing open réduction and 
internai fixation of the humerai head secondary to avascular 
necrosis. 

The best possible outcome would be that of a hemiar- 
throplasty replacement as long as the tuberosities heal with 
correct version and humerai height restored. 3 Timing for a 
hemiarthroplasty for a proximal humérus fracture must be 
taken into considération to avoid tuberosity reabsorption 
and soft tissue retraction and scarring. 

Choosing between a hemiarthroplasty a nd a total arthro¬ 
plasty will dépend on glenoid wear and patient expectations 
in terms of restrictions as will be discussed later. 


Scientific evidence is showing a trend toward reverse 
arthroplasty in elderly patients where the results are more 
predictable as tuberosity healing does not play a dramatic 
rôle in outcomes 4,5 (Fig. 49-1). 

A second indication is for shoulder osteoarthritis. 

While many patients with early shoulder osteoarthritis 
can be successfully treated with nonoperative modalities, 
patients with more advanced disease may require surgical 
intervention. Patients must accept postoperative restrictions 
and comply with the réhabilitation. If a patient is young or 
has high activity demand and does not hâve an arthritic gle¬ 
noid, a hemiarthroplasty is a good option. Patients are coun- 
seled to expect a 70% to 80% chance of pain relief and may 
then résumé unrestricted activity (Fig. 49-2). 

The gold standard for severe osteoarthritis is total shoul¬ 
der arthroplasty. 6 In our practice, we prefer to perform a 
total shoulder arthroplasty in patients with osteoarthritis 
and glenoid wear who hâve an intact or repairable rota- 
tor cuff tear. We counsel patients that the chance of good 
to excellent pain relief with total shoulder arthroplasty is 
greater than 90% (Fig. 49-3). 

The most common reason for révision shoulder surgery 
in our practice is painful glenoid arthritis in a patient with a 
hemiarthroplasty. Although shoulder replacement for pain¬ 
ful osteoarthritis is not an emergency procedure, patients 
must be aware of the fact that delayed surgery may affect 
ongoing glenoid wearing with increasing surgical difficulty. 

A third indication is for rotator cuff arthropathy where 
the gold standard is now the reverse total shoulder arthro¬ 
plasty. A hemiarthroplasty would be indicated in cases 
where glenoid bone stock or bone quality is insufficient or 
considered nonreconstructible to obtain adéquate glenoid 
baseplate fixation 7 (Fig. 49-4). Until longer foliow-up stud- 
ies on reverse arthroplasty are published, this procedure is 
best reserved for patients 70 years of âge or older, although 
a reverse total shoulder arthroplasty might be contemplated 
for patients in a younger âge group in certain cases. 
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FIGURE 49-1 Four-part, head-split displaced fracture in a 71-year-old patient ( A). Three months postoperative reverse shoulder arthroplasty with 
greater tuberosity healing (B). 




FIGURE 49-2 Primary osteoarthritis in an active 61-year-old patient (A). Right shoulder hemiarthroplasty for unrestricted activity (B). 
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A final indication would be for révision shoulder surger- 
ies. Choosing between the 3 different techniques will dépend 
mainly on the status of the rotator cuff, tuberosities, and the 
quality of the glenoid bone stock. 


CONTRAINDICATIONS 

Absolute: 

Active or suspected infection 

Neurologie or mental impairment; noncompliant patients 
Severe clinical comorbidities that would not allow a sur- 
gical procedure 
Skeletal immaturity 
Deltoid dysfunction 


Relative: 
Young âge 
Obesity 


SURGICAL TECHNIQUE 

Exposure 

A vertical skin incision is made on the anterior aspect of 
the shoulder, slightly latéral to the deltopectoral. Any previ- 
ous incisions are used and revised as necessary or incor- 
porated into a longer incision that will allow to approach 
the deltopectoral interval. The deltopectoral interval is 
most easily developed starting just distal to the clavicle. 
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The deltoid is retracted laterally leaving the cephalic vein 
medially. The anterior border of the deltoid is mobilized 
from the clavicle to its insertion on the humérus. The ante¬ 
rior portion of the deltoid insertion together with the more 
distal periosteum of the humérus may be elevated slightly 
(Fig. 49-5). 

The next step is to identify the plane between the con- 
joined tendon and the subscapularis muscle. Dissection in 
this area must be done very carefully due to the close prox- 
imity of the axillary and the musculocutaneous nerve. Any 
scar tissue is removed from the base of the coracoid and 


the subacromial space. Passive shoulder range of motion 
is checked. 

If external rotation is less than 30°, the subscapularis is 
incised off of bone rather than through its tendinous sub¬ 
stance. For every 1 cm that the subscapularis is advanced 
medially, 20° to 30° of external rotation are gained. The rota- 
tor interval and subscapularis tendon are then incised. The 
inferior shoulder capsule is released from the humerai neck 
using cautery, proceeding from anterior to posterior with 
progressive external rotation of the humérus staying directly 
on the bone to protect the axillary nerve (Fig. 49-6). 
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FIGURE 49-5 Deltopectoral approach. 


Humerai Component 

The humérus is levered forward by placing an elevator 
along the posterior-inferior aspect of the humerai head. The 
arm is then positioned in slight extension and adduction, 



FIGURE 49-6 Subscapularis tenotomy and inferior capsular release. 


and then progressively externally rotated. Care to limit the 
amount of torque placed on the humerai shaft to avoid a 
humerai shaft fracture must be taken. The coracoacromial 
arch is inspected and preserved if possible. The rotator cuff 
is carefully assessed, on both its outer and inner aspects, and 
any osteophytes are removed. 

An entry hole is made in the superior aspect of the 
humerai head. The humerai canal is then prepared with pro¬ 
gressively larger circular reamers in 1- to 2-mm incréments 
until résistance is encountered. A humerai resection guide 
is then inserted and Darrach retractors are used to protect 
the surrounding tissues while resecting the humerai head. 
We typically resect the humerai head in 30° of rétroversion 
for both the anatomie and reverse shoulder arthroplasty. In 
patients with significant posterior subluxation and glenoid 
wear, rétroversion may be slightly decreased. The cutting 
block is placed 1 mm above the insertion of the rotator cuff, 
although this may be lower for a reverse arthroplasty. 

A trial component is now inserted. The sélection of the 
head is dépendent on the size of the patient, capsular lax- 
ity, and the amount of bone resection. With the arm in the 
neutral position (0° of external rotation and aducction), the 
humerai head should face directly across from the glenoid. 
While testing passive range of motion there should be 90° 
of internai rotation, élévation of 150°, andproper tension on 
the rotator cuff. 

For tuberosity reattachment we prefer horizontal fixa¬ 
tion with sutures through tuberosity tendons and around the 
neck of the implant. Vertical fixation is then achieved with 
the tuberosities pulled down to the metaphysis with pre- 
drilled holes and sutures (Fig. 49-7). 

Glenoid Component 

The key for glenoid exposure is deltoid mobilization, capsu¬ 
lar release, humerai head resection, and osteophyte removal 
(Fig. 49-8). 

While the trial humerai stem is kept in place, the humérus 
is retracted posteriorly with a Fukuda or a glenoid retractor 
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FIGURE 49-7 Tuberosity reattachment in proximal humerai fracture treated with a reverse prosthesis. Same case as in Figure 49-1. Sutures through 
greater tuberosity and metaphyses (A). Sutures from greater tuberosity go through the lesser tuberosity and around the prosthesis neck for horizontal 
fixation. Metaphyseal sutures are then fixed to the tuberosities for vertical fixation (B). 


(Fig. 49-9). The arm is placed in 70° to 90° of abduction and 
slight flexion. The glenoid surface is then assessed for any wear 
or deformity. The glenoid is resurfaced unless a hemiarthro- 
plasty is being done. A preoperative CT scan is used to déter¬ 
mine the glenoid version and the true anatomie center of the 
glenoid. The labrum is removed superiorly, anteriorly, posteri- 
orly, and inferiorly. A retractor is placed on the anterior aspect 
of the glenoid after any scar tissue is removed. The anterior 
capsule is then excised off of the glenoid rim extending from 
superiorly down to approximately the 4-oclock position and 
extended out laterally. The inferior glenoid capsule is released 
while protecting the axillary nerve with a Darrach retractor. 

Identifying the inferior glenoid rim is key to avoid placing 
the glenoid component too proximally. 


A bone awl or bur is used to make a center hole. The gle¬ 
noid is then prepared to accept either a pegged/keeled all- 
polyethylene glenoid component or the reverse shoulder 
prosthesis baseplate. 

The glenoid is reamed down to bleeding subchondral 
bone below the equator of the glenoid surface while main- 
taining the glenoid version (Fig. 49-10). 

The glenoid component can be a weak link. Thus, con¬ 
sidérable attention to detail is taken while cementing in the 
glenoid component. 

In the case of an anatomie arthroplasty, the columns or 
keel slot are undercut to facilitate locking of the cernent. 
Pulsatile lavage is used to remove any bone débris, and then 
the glenoid component and the glenoid are dried. The bone 
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FIGURE 49-8 Glenoid exposure algorithm. 



cernent is compressed using vacuum mixing to enhance its 
strength. The cernent is placed in the columns or keel slot 
and pressurized in 3 of 4 cycles. The glenoid is then impacted 
into the cernent bed and held with a holding instrument 
while extra cernent is removed. It is important during this 
whole process to avoid pressure on the glenoid component 
by the humerai head retractor. 

For a reverse arthroplasty the glenosphere tilt and infe- 
rior or latéral eccentricity must be taken into considération 
to avoid scapular notching (Fig. 49-11). 

During the trial réductions for a hemiarthroplasty or total 
shoulder arthroplasty, the stability of the humérus against 
the glenoid is determined and the humerai head size is 
adjusted as necessary. A variety of offset and eccentric heads 
are available to aid in proper soft tissue balancing to provide 
stability, yet preserve motion. In osteoarthritis, the posterior 



FIGURE 49-9 Glenoid exposure and labral attachments. 


capsule is usually lax, the anterior capsule is tight, and it is 
often necessary to release the inferior capsule. It might be 
necessary to increase the size of the humerai component to 
effectively tighten the posterior capsule, and lengthen the 
anterior shoulder capsule-subscapularis complex. 

The definitive humerai component is impacted in place. 
If the arthrotomy was through the subscapularis tendon, it 
is then repaired; if the subscapularis was elevated off bone, 
it is reattached by placing sutures through drill holes in the 
humerai neck, before seating the humerai implant. It is very 
important to obtain a secure repair of the subscapularis ten¬ 
don since this is a common site of failure. After closure of the 
arthrotomy, the shoulder is taken through a range of motion. 
The amount of humerai head translation is assessed anteri- 
orly, posteriorly, and inferiorly, and the amount of motion 
obtained is recorded to provide some guidelines for postop- 
erative mobilization. 

During the trial réduction following a reverse shoulder 
arthroplasty, our preference is to choose a component that will 
restore enough soft tissue tension to provide immédiate stabil¬ 
ity. If the bearing surface opens proximally during arm adduc¬ 
tion, then further release of the inferior capsule is necessary. 

Axial traction is applied to the arm to see if there is signif¬ 
iant gapping between the glenosphere and the metaglene. 
We prefer less than a fingerbreadth gapping for this matter. 

Arm rotation is examined to assess the version of the 
components 10 and finally élévation is tested for acromial 
impingement against the greater tuberosity. The greater 
tuberosity may be trimmed if necessary. 

Component Choice 

Our preference is to use a modular humerai compo¬ 
nent with a texturing of the stem that allows for soft tis¬ 
sue ingrowth proximally with a polished stem distally to 
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FIGURE 49-11 Baseplate position and orientation checked prior to placing central and peripheral screws (A). Glenosphere dialed inferiorly to pre- 
vent scapular notching (B). 


facilitate component removal at a later time if necessary. 
We avoid components with texturing that extends dis- 
tally along the stem since it makes component removal 
extremely difficult. We also prefer an all-polyethylene 
pegged glenoid component. For a reverse shoulder arthro- 
plasty, we prefer to use ingrowth baseplates with a central 
screw and peripheral locking screws. 

COMPLICATIONS 

Gonzalez et al 8 reviewed the complications of 4010 uncon- 
strained shoulder prostheses (hemiarthroplasty and total 
shoulder replacement) excluding fractures. The 5 most com- 
mon complications in descending order were érosion of an 
unresurfaced glenoid (20.6%), glenoid loosening (14.3%), 
humerai loosening (6%), instability (4.6%), and secondary 
rotator cuff tear (2.7%). 

In a systematic review of reverse total shoulder arthroplas- 
ties, Zumstein et al 9 reported a 44% incidence of technical 
problems and a 20.7% complication rate. The most common 


problems and complications out of 782 cases were scapular 
notching (35.4%), instability (4.7%), infection (3.8%), asep¬ 
tie glenoid loosening (3.5%), and lucent Unes around the gle¬ 
noid (2.9%). 

Solberg et al 10 reported a 15% incidence of greater tuber- 
osity nonunion after hemiarthroplasty for proximal humérus 
fractures. 

OUTCOMES 

We hâve previously reported our expérience with 
57 patients who underwent a shoulder hemiarthroplasty 
foliowing a proximal humérus fracture with a minimum 
foliow-up of 5 years. 11 Eighty-four percent of the patients 
had no pain, mild pain, or pain only after unusual activity. 
Average active élévation was 100°, average external rotation 
30°, and average internai rotation was to L5. According 
to a modified Neer resuit rating System, 28 patients were 
graded as excellent, 16 good, 2 satisfactory, and 11 unsat- 
isfactory. Nine patients (16%) had moderate or severe pain 
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and 2 required implant révision or removal. Two patients 
underwent additional surgery. Nonunion of the tuberosity 
occurred in 1 shoulder, malunions in 3, and résorption in 9. 

Tuberosity healing was closely related to outcomes. The 
study data suggested that patients undergoing arthroplasty 
as treatment of an acute fracture of the proximal humérus 
may achieve satisfactory long-term pain relief; however, the 
resuit for overall shoulder motion was less predictable. 

We examined 49 patients with a total of 51 humerai 
heads for the treatment of glenohumeral osteoarthri- 
tis, with a minimum 5-year follow-up or until the time 
of révision. 12 Seventeen percent of the humerai head 
replacements were revised. Of those revised, 90% were 
performed because of painful glenoid arthrosis at a mean 
of 7.6 years. Mean active abduction was 134°, the mean 
external rotation was 49°, and the médian postoperative 
internai rotation was to L2. Overall, there was significant 
long-term pain relief (P <.0001) as well as improvement in 
active abduction (P <.0001), internai rotation (P <.024), 
and external rotation (P <.0001) following humerai head 
replacement. However, moderate pain was reported in 
9 shoulders and severe pain in 7. Ten of the 51 shoulders 
underwent révision surgery, which was done to treat pain¬ 
ful glenoid arthrosis in 9 of the 10. Radiographs were avail- 
able for 39 shoulders, and they demonstrated an increase 
in glenoid érosion at a mean of 10.7 years postoperatively 
(P <.0001). Five shoulders had humerai periprosthetic 
lucent lines of 1.5 mm in thickness, and 3 of them had a 
complété line; 1 humerai component had shifted in posi¬ 
tion. According to a modification of the Neer resuit rat- 
ing System, there were 10 excellent results, 20 satisfactory 
results, and 21 unsatisfactory results. 

We recently published our révision and survival rates 
on total shoulder arthroplasty. 13 A total of 2207 patients 
with a mean âge of 65 years underwent 2588 total shoulder 
arthroplasties. Osteoarthritis was the underlying diagnosis 
in 1640 shoulders (63%), rheumatoid arthritis in 452 (17%), 
and trauma in 374 (15%). A total of 212 total shoulder 
arthroplasties (8.2%) were revised. At 5,10, and 20 years the 
survival rates were 94.2%, 90.2%, and 81.4%, respectively. 
Men were significantly more likely to undergo révision than 
women. Patients who underwent TSA with an underlying 
diagnosis of rotator cuff disease or tumor were significantly 
more likely than those with rheumatoid arthritis to undergo 
révision. Younger âge was associated with a higher révision 
risk. Neither BMI nor comorbidity was associated with the 
risk of révision surgery. 

There are few studies on long-term outcomes following 
a reverse total shoulder arthroplasty. Favard et al 14 reviewed 
464 patients with 484 reverse total shoulder prostheses with 
a minimum follow-up of 2 years and 148 patients with a 
minimum follow-up of 5 years (mean, 7.5 years; range, 
5-17 years). The mean âge at the time of surgery was 73 years. 
Cumulative survival curves were established with end points 


being prosthesis révision and Constant-Murley score of less 
than 30 points. 

Eighty-nine of 489 patients had at least 1 complication 
for a total of 107 complications. Survivorship free of révi¬ 
sion was 89% at 10 years with a marked break occurring 
at 2 and 9 years. Survivorship to a Constant-Murley score 
of less than 30 was 72% at 10 years with a marked break 
observed at 8 years. We observed progressive radiographie 
changes after 5 years and an increasing frequency of large 
notches with long-term follow-up. They concluded that 
although the need for révision was relatively low at 10 years, 
the Constant-Murley score and radiographie changes dete- 
riorated with time; therefore, they recommend caution 
when recommending a reverse shoulder arthroplasty, espe- 
cially in younger patients. 
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Latissimus Dorsi Tendon Transfer 
for Massive Irréparable Rotator 
Cuff Tears 

Guillaume Herzberg, MD, PhD 



INTRODUCTION 

The surgical treatment of massive irréparable rotator cuff 
tears is very difficult, especially for patients with painful 
pseudoparalysis. The use of a latissimus dorsi musculotendi- 
nous transfer (MTT) was initially reported in 1992, 1,2 and it 
has now become a viable treatment option. 3-9 There are how- 
ever controverses regarding the technique, indications, and 
results of this procedure. 

BIOMECHANICAL BASIS 

A MTT is a procedure in which the tendon of a normal 
“donor” muscle with its intact blood and nerve supply 
is divided and reinserted into a bony part or into another 
tendon (with or without an intercalated tendon graft) to 
supplément or substitute for the action of a nonfunctioning 
“récipient” muscle. When dealing with a massive irréparable 
posterosuperior rotator cuff tear, the idea is to transfer a 
new structurally normal muscle with the proper vector and 
torque to compensate for the loss of shoulder élévation and 
external rotation (ER). In order for this to be successful the 
latissimus dorsi transfer must be strong enough and hâve an 
adéquate excursion to compensate for the loss of infraspi- 
natus and teres minor muscles. A latissimus dorsi transfer 
has been supplemented with a teres major transfer in s orne 
sériés. The transferred tendon should also hâve a straight 
line of pull, which implies that the choice of its point of fixa¬ 
tion on the humerai head is critical. 10 

According to the Blix curve (Fig. 50-1), any tendon trans¬ 
fer should be set at a tension that is close to its resting length. 

We dissected 13 shoulder girdle muscles in 13 fresh 
cadavers (ratio female/male 6/7, âges 17-89 years, average 
74) with an intact rotator cuff. 11 The method of Brand and 
Hollister 12 was used to study each muscle or muscle belly. 
The potential excursion (ie, the average muscle fiber length 
in centimeters measured using 4.3 power magnification) 


and the relative tension (ie, physiologie cross-sectional area 
[PCSA] of each muscle expressed as a percentage within the 
group) was. In longitudinally arranged muscles, the fiber 
length was measured at the origin and the insertion and 
in the middle of the muscle. In pennate and multipennate 
muscles, the tendon was first traced back into the muscle 
fibers. The tendon was then eut longitudinally and spread 
apart so that we could measure the pennate muscle fibers 
from their origin to their insertion into the tendon. In 
multipennate muscles, measurements were made on each 
pennated unit and then averaged. To get a realistic PCSA, 
we measured the muscle fiber length taking into account 
the length of each pennated unit rather than measuring the 
whole length of the muscle. The fleshy part of each muscle 
was then weighed. For a given muscle, the percentage of 
the total weight of the 13 muscles was the mass fraction. 
The mass of each muscle was converted to volume accord¬ 
ing to a conversion factor of 1.02, and then divided by 
the mean fiber length to get the PCSA. In each cadaver, the 
PCSA were expressed as a percentage, providing the relative 
tension figures. The relative tension figures were expressed 
in percentages for the entire group of 13 shoulder girdle 
muscles. The values of the potential excursion (cm) and 
relative tension (%) of rotator cuff muscles, latissimus dorsi, 
and teres major are shown in Figures 50-2 and 50-3. Among 
the rotator cuff muscles, the subscapularis had the greatest 
relative tension (14.5%). It was well balanced by the combi¬ 
nation of the infraspinatus and the teres minor relative ten¬ 
sions (12.3%). Generally speaking, it should be noted that 
rotator cuff muscles had a short excursion and high relative 
tension, whereas the latissimus dorsi and teres major mus¬ 
cles demonstratedlarger excursions but had limited relative 
tension. The results of this in vitro study suggested that the 
teres major should be theoretically added to the latissimus 
dorsi transfer when dealing with a reconstruction of a mas¬ 
sive irréparable rotator cuff tear. 13 

Another important issue is to discuss the idéal point of 
distal fixation of the latissimus dorsi/teres major transfer 
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Muscle tension 



Contraction Rest Stretch 

FIGURE 50-1 Blix curve, or general shape of active contraction of a 
muscle fiber. 


on the humerai head. We investigated this by construct- 
ing a model of the relevant shoulder muscles. The right 
scapula and humérus were harvested from a fresh cadaver 
and mounted together in a frame, simulating the position 
of these 2 bones in the “zéro” clinical position of the shoul¬ 
der. Steel balls were inserted at the center of the humerai 
head footprint areas of the supraspinatus, infraspinatus, 
and teres minor. 14,15 The center areas of origin of supra¬ 
spinatus, infraspinatus, teres minor, teres major, and latis- 
simus dorsi were tagged with Steel markers (Fig. 50-4). The 
géométrie center of the humerai head was considered as 
the center of rotation of the simulated joint s o that the gen- 
erated torque could be calculated. Stereoradiography was 
used to obtain a 3-dimensional model of the vector forces 


of the normal muscle attachment and the transferred mus¬ 
cles that were attached to the supraspinatus, infraspinatus, 
or teres minor footprints. 16,17 A comparison of the vector 
forces with the humérus in 3 positions (neutral, 60° inter¬ 
nai rotation, 50° ER) was performed. Each muscle vector 
was measured 3 times at 0° and 90° of abduction in the 
scapular plane. In each sériés, abduction/adduction and 
external/internal rotation moment arms were calculated 
by incréments of 3°. The shifting of the vectors around the 
spherical humerai head was taken into account. Theoretical 
muscle forces obtained from a previous study 11 were used 
for muscle torque calculations. The figure used for muscle 
force-producing capability was 3.6 kg for 1 cm 2 of PCSA 
of muscle. In addition, a videotape was performed of a 
latissimus dorsi MTT in a fresh cadaver with fixation on 
either supraspinatus or infraspinatus humerai head inser¬ 
tions and 0° to 90° abduction motion in 50° ER or 60° 
internai rotation. 

Theoretical values of abduction/adduction and external/ 
internai rotation moment arms of innate infraspinatus and 
latissimus dorsi MTT to supraspinatus, infraspinatus, or 
teres minor footprints were calculated. Because of a deleteri- 
ous bowstringing effect of the latissimus dorsi transfer when 
the humérus was in abduction with 60° internai rotation 
(Fig. 50-5), it was concluded that the best point of fixation 
was the infraspinatus footprint (Fig. 50-6). According to our 
results the use of this point of fixation provided a good ER 
torque and some abduction torque as well regardless of the 
position of the humérus. 16,17 



FIGURE 50-2 Distribution of potential excursion values (cm). 
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FIGURE 50-3 Distribution of relative tension values (in percentages). 



FIGURE 50-4 Scapula-humerus construct with imbedded s teel balls 
is used to define the muscle vector forces. 
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Native infraspinatus 
—o— LD to supraspinatus footprint 
—a— LD to infraspinatus footprint 
LD to teres minor footprint 



Degrees of scapulohumeral abduction, humérus in 60° I.R. 


FIGURE 50-5 Comparison of latissimus dorsi transfer with fixation 
to the supraspinatus, infraspinatus, or teres minor footprints. With a 
supraspinatus insertion there is bowstringing of the tendon with the 
humérus in abduction and internai rotation with a deleterious effect on 
the internai rotation torque. 
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FIGURE 50-6 The best point of fixation of the latissimus dorsi transfer 
to humerai head is the native insertion of the infraspinatus, rather than 
the supraspinatus insertion. 


brought posteriorly as a unit after mobilization and protec¬ 
tion of the neurovascular pedicles. Two Krackow stitches 
are placed on the tendons. The transfer is tunneled under 
the deltoid so as to appear in the anterosuperior operative 
field. The excursion and length of the transfer is checked. 
The transfer should reach the infraspinatus insertion with- 
out excessive tension. At this time, the posterior incision is 
closed, a posterior suction drain is placed, and the table is 
tilted back to its original classic beach chair position. The 
transfer is fixed to the infraspinatus insertion with transos- 
seous sutures. The upper part of the subscapularis muscle 
is reattached to its original insertion. The tension of the 
transfer is checked in ail positions of the shoulder including 
with the arm at the side. The anterior incision is closed over 
a suction drain, and the patient is placed in a soft abduction 
splint for 6 weeks. Early passive mobilization (40° abduc¬ 
tion and 20° ER f rom the pillow position) is allowed as soon 
as the pain permits. 


INDICATIONS 

This procedure is indicated in relatively young (about 
60 years), active patients with massive irréparable postero- 
superior cuff tear in the absence of advanced glenohumeral 
arthrosis. 17 The subscapularis muscle should be intact or 
réparable with no—or minor—fatty degeneration. 

CONTRAINDICATIONS 

This procedure is contraindicated in patients with cuff t ear 
arthropathy or nonfunctioning deltoid muscle. 

SURGICAL TECHNIQUE 

The patient is placed in a beach chair position allowing 
about 50° of rotational motion so that the surgeon could 
access both the anterosuperior classic shoulder approach 
and a posterior axillary fold approach centered onto the 
humerai insertion of latissimus dorsi and teres major 
muscles. The anterosuperior approach is performed first. 
A deltoid splitting approach is used to assess the extent of 
the tear after thorough bursectomy and confirm its irrepa- 
rability as well as the integrity or reparability of the sub¬ 
scapularis tendon. The long head of the biceps tendon is 
usually abnormal. A tenotomy of the long head followed by 
a tenodesis of the biceps tendon in its groove is performed 
using a metallic anchor. An acromioplasty is then per¬ 
formed. The table is now rotated to the opposite direction 
and a posterior approach is performed. The latissimus dorsi 
and teres major tendons are identified and followed to their 
insertions on the humérus. Care should be taken during 
this dissection to protect the axillary and radial nerves. The 
2 tendons are detached from their humerai insertions and 


OUTCOMES 

Our sériés consists of 16 patients (7 females) who were 
treated with a latissimus dorsi transfer for any massive 
irréparable rotator cuff tear. The average follow-up was 
6 years (range, 2-17 years). The average âge of these active 
patients was 56 years (range, 37-68 years). The duration of 
symptoms before surgery was 35 months. The etiology was 
traumatic in 50% of the cases. A total of 4 cases had under- 
gone previous surgery. Eight patients had pseudoparalysis. 
The average active élévation shoulder was 91°. The aver¬ 
age active ER was 9°. The average nonponderated Constant 
score for 11 patients was 26 points. The average preoperative 
subacromial space was 7.9 mm. A total of 12 patients had 
early glenohumeral arthritis, Guyette stage 1, that is, sclero- 
sis and/or small (less than 2 mm) marginal osteophytes on 
only 1 side of the glenohumeral joint. 18 A total of 11 cases 
had massive irréparable tears of the supra and infraspinatus. 
In 5 cases, there was also an extension of the tear into the 
upper part of the subscapularis. There was fatty degenera¬ 
tion of Goutallier stage 3, that is, 50% fatty degeneration or 
worse in ail patients. There was atrophy of the rotator cuff 
muscles in 50% of the cases. The teres minor was présent 
in 12 of 16 shoulder s. We performed 7 isolated latissimus 
dorsi transfers and 9 combined transfers (4 with teres major, 
6 with deltoid flaps). Ail operations were done in the beach 
chair position through a double anterosuperior and poste¬ 
rior approach. The latissimus dorsi was transferred and fixed 
to the infraspinatus humerai insertion in ail cases. The pain 
was markedly reduced at an average follow-up of 6 years 
(Fig. 50-7). The average improvement in the active shoul¬ 
der élévation improvement was 45° (Fig. 50-8). The average 
improvement in the ER was 16° at the side (ER1) and 22° in 
abduction (ER2). The average improvement in the strength 
of active shoulder élévation was 2.7 kg. There was a 34-point 
improvement in the nonponderated Constant score. The 
worst results were observed in patients who had undergone 
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previous surgery. Due to the limited number of patients, 
we were unable to clearly demonstrate the superiority of 
the combined latissimus dorsi/teres major transfer over the 
latissimus transfer alone. Our clinical expérience shows that 
a latissimus dorsi transfer may be used in s elected relatively 
young patients presenting with an incapacitating massive 
irréparable posterosuperior cuff tear. Adjuvant arthroscopy 
may be used in select cases. 19 ’ 20 


CASE EXAMPLE 

A white-collar, 56-year-old, 90-kg male presented with a 
4-year history of intractable right shoulder pain foliowing 
a sudden injury while lifting a heavy object. He had pseu- 
doparalysis of his shoulder with 70° of active élévation, zéro 
power of shoulder élévation, and 170° passive élévation. His 
nonponderated Constant score was 35. The visual analog 
pain score was 9/10. The passive ER with the arm at the 
side was 30°, but the active ER was -20°. There was clinical 
atrophy of the infraspinatus and a positive lag sign. Internai 
rotation was limited to L5, but belly press test was néga¬ 
tive indicating a functional subscapularis muscle. Standard 
radiographs showed signs of impingement, but the sub¬ 
acromial space was still acceptable (Figs. 50-9 and 50-10). 


140 



FIGURE 50-8 Active motion values. 



FIGURE 50-9 Clinical case: preoperative standard AP radiograph. 



FIGURE 50-10 Clinical case: preoperative standard Y radiograph. 
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FIGURE 50-11 



FIGURE 50-12 




FIGURE 50-13 FIGURE 50-14 

FIGURES 50-11 to 50-14 Clinical Case: four arthro-CT scan slices showing massive rotator cuff tear with Goutallier stage 3 infraspinatus and teres 
minor fatty degeneration. 


Hand arthro-CT scan showed a Goutallier stage 3 infra¬ 
spinatus and teres minor fatty degeneration with sig- 
nificant atrophy (Figs. 50-11 to 50-14). We elected to 
perform an open cuff reconstruction with a latissi- 
mus dorsi and teres major transfer through a double 
approach. Two years later, the patient was pain free. His 


nonponderated Constant score was 89 and his quick 
dash score was 14. His active shoulder élévation was 170° 
(Fig. 50-15), active ER at the side was 30°, and at 90° abduc¬ 
tion ER was 70° (Figs. 50-16 and 50-17) with an M3+ 
power of ER strength. Standard radiographs are shown in 
Figures 50-18 and 50-19. 
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FIGURES 50-18 and 50-19 Standard radiographs at 2 years of 
follow-up. 


FIGURES 50-15 to 50-17 Clinical resuit at 2 years of follow-up. 
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RATIONALE AND BASIC SCIENCE 
PERTINENT TO THE PROCEDURE 

Anatomy 

The pectoralis major muscle is a thick, pennate muscle that 
lies on the chest wall. 1 " 4 The muscle is divided into 2 por¬ 
tions: the clavicular and sternocostal heads (Fig. 51-1 A). 
The clavicular head originates on the médial one half to two 
thirds of the clavicle. The sternocostal portion is divided 
into superior and inferior segments. The superior segment 
originates at the upper two thirds of the sternum and ribs 
2 to 4 while the inferior segment originates on the distal 
sternum, ribs 5 and 6, and the external oblique fascia. These 
segments converge to form the tendon that inserts onto the 
latéral lip of the bicipital groove of the humérus. The ten- 
dinous footprint starts approximately 4 cm distal to the 
greater tuberosity on the latéral lip of the bicipital groove 
and measures 70 mm (proximal to distal) x 1.4 mm (médial 
to latéral). 5 Other studies hâve shown the médial to latéral 
insertion width measuring approximately 5 to 15 mm. 1,6 In a 
3-dimensional study of the pectoralis major tendon architec¬ 
ture, Fung et al further defined these measurements in rela- 
tionship to the tendons anterior and posterior layers. They 
found the tendons footprint to hâve an approximate width 
(proximal to distal) of 66 and 77 mm, respectfully, and thick- 
ness (anterior to posterior) of 2 mm for each. 7 The clavicular 
portion of the tendon inserts superficially and distally while 
the inferior sternocostal section is multipennated with fibers 
that twist 180° to insert more posteriorly and proximally on 
the humérus. 7 The pectoralis minor lays deep to the pecto¬ 
ralis major. 


Innervation 

The pectoralis major is primarily innervated by the latéral 
pectoral nerve, which is preclavicular and originates from 
the C5-6 nerve roots (Fig. 51-1B). 8 The nerve begins dis¬ 
tal to the suprascapular nerve and moves inferolaterally 
through the clavicopectoral fascia distal to the clavicle and 
close to the coracoid process, directly supplying the clavic¬ 
ular segment of the muscle. 8 Of note, the médial pectoral 
nerve, which pierces through and innervâtes the pectoralis 
minor muscle, also supplies a portion of the inferior seg¬ 
ment of the pectoralis major; however, this contribution is 
likely clinically irrelevant. 

Blood Supply 

The pectoral branch of the thoracoacromial artery con- 
tributes 60% of the pectoralis major blood supply and 
is not a surgical factor during repair. 9 The other 40% is 
supplied by the clavicular branch and the internai mam- 
mary artery (20% each). 9 The blood supply, however, is not 
consistent, and there are reports of contributions from the 
deltoid artery and the latéral thoracic artery. The internai 
mammary vein usually drains the médial portion of the 
muscle while the axillary vein drains the latéral portion of 
the muscle. 

Function 

The pectoralis major is a powerful adductor and inter¬ 
nai rotator of the arm (Table 51-1). Due to its more 


*The views expressed in this chapter are those of the authors and do not reflect the official policy or position of the Department of the Navy, Department of 
Defense, or US government. 
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FIGURE 51-1 A. Anatomical représentation of the 2 portions of the pectoralis major, the clavicular (C) head and sternocostal (S) head, which con¬ 
verge to form the tendon at the insertion point on the latéral lip of the bicipital groove of the humérus. (Redrawn with permission from Provencher 
et al, 12 Fig. 1.) B. Représentation of the innervation of the pectoralis major muscle. (Redrawn with permission from Provencher et al, 12 Fig. 2.) 


distal insertion on the humérus, the sternocostal head 
has a distinct mechanical disadvantage when the arms 
are in extension, such as during a bench press exercise. 1 
As such, it is this portion that ruptures first, followed 
by the clavicular head with further tendon overload 


(Fig. 51-2). Of note, the pectoralis major is not neces- 
sary in normal activities of daily living; however, a fully 
intact muscle allows for maximal strength that is required 
in many high-level athletic or high-demand functional 
situations. 10-12 
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ÏQ TABLE 51 

-1: Function of the Pectoralis Major 



Muscle Portion 

Origin 

Insertion 

Function 

Clavicular portion 

Médial one half to two thirds of 
clavicle 

Latéral lip of bicipital groove of humérus 

Forward flex and adduct 
the arm 

Sternocostal portion Superior: originales at upper two 

thirds of sternum and ribs 2-4 
Inferior: originates on distal sternum, 
ribs 5-6, and external oblique fascia 

Latéral lip of bicipital groove of humérus 

Note : Inferior segment is multipennated and 
its fibers twist 180° to insert posteriorly and 
proximally on the humérus 

Internally rotate and adduct 
the arm 


MECHANISM AND PRESENTATION 

Pectoralis major tears occur almost universally in males 
between the âges of 20 and 40. 13 The mechanism of in jury 
involves a forceful eccentric contraction of the extended, 
abducted, and externally rotated humérus. The single most 
common activity leading to rupture of the pectoralis major ten¬ 
don is the bench press exercise. 14-18 Other less common étiolo¬ 
gies include work-related injuries and other athletic activities, 
including powerlifting, football, and wrestling. Risk factors for 
rupture include the use of anabolic steroids. Interestingly, both 
the dominant and nondominant shoulders are equally at risk, 
and bilateral ruptures hâve been reported. 19)20 


* 



FIGURE 51-2 A représentation of a rupture of both the clavicular and 
sternocostal portions of the pectoralis major. The inset represents only 
the sternocostal portion of the pectoralis major rupturing. (Reproduced 
with permission from Provencher et al, 12 Fig. 5.) 


Patients presenting with acute pectoralis major tendon 
ruptures will typically report a history of bench press (or 
other provoking activity) followed by immédiate audible 
pop associated with a tearing sensation near the axilla. 17,21 
The patient will report immédiate pain and weakness in the 
affected extremity. Notable findings on physical examination 
include swelling and ecchymosis, especially over the axilla. 
Patients may hâve thinning of or a palpable defect in the ten¬ 
don; however, this can be masked by an intact fascial sheath 
even in the presence of a complété rupture. While patients 
hâve pain and discomfort with range of motion, one of the 
more spécifie findings on examination is loss or thinning 
of the anterior axillary fold (Fig. 51-3). Thus, the examiner 
should perform a thorough inspection of both shoulders in 
order to assess for asymmetry. This finding can be missed 
in the acute phase depending on the amount of swelling 



FIGURE 51-3 Photograph demonstrating loss of axillary fold due to 
pectoralis major tendon rupture. 
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présent. Patients may also hâve a palpable bulge in the area 
of the rupture with adduction; however, this should not be 
confused for a hematoma. 12 

Imaging modalities, including radiographs, ultrasound, 
and magnetic résonance imaging (MRI), 22 can be performed 
in the patient with a suspected pectoralis major tendon rup¬ 
ture; however, history and physical examination are much 
more helpful in reaching a diagnosis. 


INDICATIONS 

Operative Treatment 

While the pectoralis major is not needed for activities of 
daily living, most authors conclude surgery is indicated in 
ail young, active patients, r egardless of the chronicity of the 
in jury. 14,23-25 A recent meta-analysis conducted by Bak et al 
analyzed 112 pectoralis major ruptures and foundthat88% 
of patients treated surgically had overall excellent outcomes 
as compared with only 27% of patients treated nonopera- 
tively. 26 The authors found no effect of âge or tear location 
(humerai insertion vs musculotendinous junction) on out¬ 
comes, but did report significantly improved outcomes in 
patients undergoing repair within the first 8 weeks follow- 
ing in jury as compared with more chronic repairs or with 
nonoperative management. Several authors hâve reported 
similar outcomes without regard to timing of surgical 
repair. 18,27 

Nonoperative Treatment 

As mentioned, the majority of pectoralis major tendon rup¬ 
tures in young, active patients warrant surgical fixation. 
Patients with partial tears or muscle belly ruptures, however, 
may be treated with an initial trial of nonoperative treat¬ 
ment. 18 Further, lower-demand patients may also benefit 
from a trial of nonoperative management. 28-31 Nonoperative 
treatment for pectoralis major tendon tears includes a variety 
of modalities as described in Table 51-2, with the mainstay 
of treatment being adéquate réhabilitation. 21,25 

CONTRAINDICATIONS 

Absolute contraindications to surgical repair of pecto¬ 
ralis major tendon ruptures include significant medical 
comorbidities and inability to comply with the required 
postoperative réhabilitation protocol. In terms of relative 
contraindications, the pectoralis major muscle is not typi- 
cally utilized for normal activities of daily living, and thus 
one could argue surgical repair is not necessary. As such, a 
relative contraindication to surgery includes the desire of a 
patient to trial nonoperative management. However, in these 
situations the results are primarily unsatisfactory and the 
patient may eventually elect to undergo surgical repair. 


Q TABLE 51-2: Nonoperative Treatment Modalities 
for Pectoralis Major Tendon Ruptures 


Cold compression 
Analgésies 

Nonsteroidal and-inflammatories (NSAIDs) 

Sling mobilization in the adducted and internally rotated position 
for 1 -2 weeks 

Gentle passive and active ROM exercises at weeks 1 -6 
Gentle, controlled résistance exercises at 6 weeks 
Unrestricted ROM at 8-12 weeks 


SURGICAL TECHNIQUE 
Relevant Surgical Anatomy 

During the surgical approach, the surgeon must take care 
to avoid several structures. As described by Cooper et al, 32 
the surgical anatomy of the shoulder can be described in 4 
layers, and in surgical approaches to the pectoralis major 
tendon, the first 2 layers are encountered. Layer 1 is com- 
posed of the pectoralis major, the deltoid, the cephalic vein, 
and the overlying fascia. The superficial aspect of Layer 2 is 
composed of the clavicopectoral fascia, conjoined tendon, 
and coracoacromial ligament. The deep aspect of Layer 2 
is composed of the posterior scapular fascia overlying the 
infraspinatus and teres minor muscle bellies, and is con- 
tiguous with the clavicopectoral fascia around the latéral 
aspect of the proximal humérus. Layer 2 must be retracted 
during surgical dissection to avoid injury to the axillary 
nerve. The latéral and médial pectoral nerves are typically 
not in danger during this approach as they enter the muscle 
bellies posteriorly; however, dissection médial to the cora- 
coid should be avoided in order to prevent iatrogénie in jury 
to these nerves. 32 

Spécifie surgical techniques are variable 1,20,33-45 and 
there is no current gold standard. The majority of tech¬ 
niques employ drill holes, sutures, and/or anchors to reat- 
tach the tendon to its insertion. 15,23,46-48 The technique 
described below is the authors’ preferred technique; how¬ 
ever, several other techniques hâve been reported with 
excellent outcomes. 12 Surgeon expérience and preference, 
as well as patient-specific factors, play a rôle in the spécifie 
technique chosen. 


Authors’ Preferred Technique 

The patient is placed in a modified beach chair position with 
the arm placed on padded Mayo stand or a pneumatic arm 
holder (Figs. 51-4 to 51-6). The humérus is abducted while 
the surgeon stands in the axilla that enables dissection, visu- 
alization, and repair. A palpable defect can be identified in 
the anterior axillary fold that is accentuated by abduction 
and external rotation of the shoulder. Any intact f ibers of the 
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FIGURE 51-4 A. The typical incision in the deltopectoral 
interval and is made slightly médial. The skin is well prepared 
with several cleansing scrubs prior to incision. B. The LHB 
is retracted medially gently against the humérus with a blunt 
retractor; the attachment of the pectoralis major is just latéral 
to the long head of the biceps. C. After the torn tendon por¬ 
tion is identified (in this case, just the sternal head is torn), 
the tendon and musculotendinous junction fascia are whip- 
stitched with a high-strength suture tape or a high-strength 
cylindrical suture (#5). D. The implants are placed into the 
unicortical bone tunnels, and then the sutures slid through 
the implants to “cinch” the tendon down anatomically to the 
insertion point. E. The tendon is “cinched” down by sliding 
1 limb of the suture (the free end) through the implant and 
then tying. F. The completed repair shows the sternal head 
approximated directly to the anatomical insertion of the pec¬ 
toralis major, and the long head of the biceps lies nicely under- 
neath and medially without incarcération. 
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A B 

FIGURE 51-5 Surgical technique schematic. A. Three suture anchors are placed into the humérus in préparation for the pectoralis major reattach- 
ment. B. The sutures are secured medially through the tendon and tied down to reattach the pectoralis major tendon to its insertion point. (Redrawn 
with permission from Provencher et al, 12 Fig. 7A and B.) 


tendon can be palpated and retracted. The pectoralis tendon 
can be identified medially on the chest wall. 

The deltoid insertion and location of the coracoid 
are marked out. A 6- to 8-cm incision is made over the 
distal portion of the deltopectoral interval but slightly 
more médial to in the skin fold for cosmesis, but this 
requires a more vertical incision (Fig. 51-4A). Using either 
Metzenbaum scissors or electrocautery, the deltopec¬ 
toral fascia is exposed, and the cephalic vein is retracted 
laterally. A baby Hohmann retractor is placed above the 
coracoid and used to retract the deltoid laterally to aid 
exposure. Care is taken to avoid injury to the musculocu- 
taneous nerve, which lies médial and just deep to the con¬ 
joint tendon, approximately 5 cm inferior to the anterior 
tip of the coracoid. One can bluntly dissect using an index 
finger to separate the deltoid away from the subscapularis 
and distal subacromial space and the long head of the 
biceps is retracted medially (Fig. 51-4B). The pectoralis 
major inserts on the humérus just latéral to the bicipital 


groove. The vessels of the 3 sisters (anterior humerai cir- 
cumflex artery and its 2 accompanying veins) are a Visual 
landmark of the inferior border of the subscapularis that 
overlies the pectoralis major insertion. The latissimus 
dorsi insertion and any intact fibers of the clavicular head 
of the pectoralis major can also be used as a reference. The 
sternocostal head is the most commonly injured and can 
retract just médial to the axillary crease. The tendon is 
debrided and then mobilized until it can reach its inser¬ 
tion site on the humérus. If there is insufficient excur¬ 
sion, an Achilles tendon allograft can be used. The tendon 
is whipstitched with a nonabsorbable tape in a running, 
nonlocking fashion and a #5 nonabsorbable suture with a 
running Krakow stitch (Fig. 51-4C). The same construct is 
placed in the clavicular head if torn. The insertion site is 
debrided to bleeding bone with a small rongeur and rasp, 
staying latéral to the bicipital groove, because if the inser¬ 
tion site is too médial (in the biceps groove), the biceps 
may be incarcerated, which causes persistent pain. There 
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FIGURE 51-6 Surgical technique schematic. A. When beginning to drill the necessary bone tunnels in the humérus, the biceps tendon must be 
protected by pulling it just médial to the pectoralis major insertion. B. Two rows of between 3 and 4 drill holes, each 2 mm in diameter, are created 
to reattach the tom pectoralis major tendon. C. The No. 5 braided or No. 2 high-strength sutures a re passed through each of the bone tunnels. The 
2 middle bone tunnels vvill hâve a second No. 5 or No. 2 suture to assist with suture shuttling through the tunnel. D. Once passed through the bone 
tunnel, sutures are passed through the distal pectoralis major tendon with a Mason-Allen configuration. E. Two limbs of the suture are tied laterally 
for final tendon fixation. (Redrawn with permission from Provencher et al, 12 Fig. 8A-E.) 


are many fixation options, including drill tunnels (3-4 tun¬ 
nels spaced 1.0 cm apart, with a 2.0-mm curved drill bit), 2 
to 4 suture anchors, or cortical buttons 49 (used in a unicor- 
tical fashion), at both the superior and inferior insertions 
of the tendon that are drilled under the anterior cortex and 
flipped. 

The insertion of the pectoralis major is a well-defined 
ridge just latéral to the bicipital groove and is easily pal- 
pated and visualized, often with some amount of tendon 
stump remaining, especially where tears are most com- 
mon inferiorly of the sternal head. One should drill lat¬ 
éral to the bicipital groove distal to inferior subscapularis 
and latéral to the bicipital groove superior to the biceps 


musculotendinous junction using a 3.5-mm spade tip drill 
over a K-wire. 

The leading strands of both the superior and inferior 
sutures are then passed through separate pectoralis major 
cortical buttons. Only 1 limb of each suture is placed up 
and back down the tendon such that there is a free limb to 
tie down and “slide” through the button. We find it useful to 
separate these sutures or color code them, often with a mark- 
ing pen at the tips. Ensure the suture is untwisted as it passes 
through the button fixation as this allows for sliding of the 
button during tendon tensioning (Fig. 51-4D and E). A 180° 
twist is then performed with the 2 strands of sutures, bring- 
ing the inferior portion of the sternocostal head superior and 
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deep to the clavicular head, recreating the anatomical rotation 
of the tendon. The buttons are then docked intramedullary. 
We prefer to put the trailing suture into the hole first so the 
trailing suture can be toggled to seat the button on the inner 
cortex. The tendon is brought flush with the outer cortex of 
the humérus at the insertion site by pulling on the trailing 
sutures. The lead sutures are then tied back down onto the 
trailing sutures and the final repair construct is assessed. 

We hâve found that the suture tapes hâve high résistance 
to “cutout” and pull-through in the tendon and fascia and 
prefer suture tapes over cylindrical sutures (Fig. 51-4F). The 
wound is copiously irrigated and the arm is taken through 
gentle abduction and external rotation is performed to assess 
the strength of the repair and range of motion restrictions. 
The wound is closed in layered fashion using absorbable skin 
sutures for cosmesis. A cold compress and sling are used; an 
abduction pillow is optional. 

REHABILITATION 

A sling is used for 6 weeks with pendulum exercises and pas¬ 
sive ROM in therapy, allowing unrestricted elbow, wrist, and 
hand ROM. We allow shoulder flexion to 90°, abduction to 
30° to 45°, and external rotation to 20° in the first 2 weeks, 
and then advanced as tolerated. 

Phase 2: 

Résistance trainingbegins at6 to 12 weeks postoperatively. 

We recommend against heavy bench press for at least 
6 months. 

COMPLICATIONS 

Overall, complications foliowing pectoralis major tendon 
repair are rare, 50 but several hâve been reported. Perhaps 
most concerning is the potential for postoperative infec¬ 
tion 12,51 as the axillary fold provides an environment idéal 
for bacterial growth given its location and ability to retain 
moisture. Recommended preventative measures include 
the use of Ioban across skin during surgery, surgical prep 
with alcohol and chlorhexidine, and meticulous surgical 
technique with respect to the soft tissue and wound closure. 
Another reported complication is tendon rerupture with a 
reported rate of0% to 7.7%. 4,51 Recommended preventative 
measures include a delayed return to bench pressing and 
the avoidance of early heavy lifting. I ntraoperatively, the 
repair may be made more secure with cortical fixation with 
suture tape medially into the fascia overlying the muscle. 
Other rarely reported complications include hematoma 
formation requiring évacuation, 51 proximal humérus shaft 
fracture, 46 and hétérotopie ossification formation. 13 There 
is also a theoretical risk of pectoral denervation through 
aggressive dissection, retraction, and release as well as risk 
to the long head of the biceps tendon through dissection 
or abnormal pectoralis major tendon insertion during the 
repair. 


OUTCOMES 

In the authors’ expérience, the vast majority of young and 
active patients can expect very good to excellent outcomes 
at 6 months folio wing surgical repair with a low risk of com¬ 
plications and retear (Fig. 51-7). 12 The authors do expect 
some residual cosmetic deformity at the anterior axillary 
fold coupled with scar formation; however, full strength 
and return to activities is often achieved. In a recent meta- 
analysis of 112 patients with pectoralis major tendon rup¬ 
ture, Bak et al 26 reported that 90% of surgically treated 
patients achieved an excellent outcome, while only 17% of 
nonoperatively treated patients achieved similar results. 26 
There are a variety of surgical techniques and modifica¬ 
tions for pectoralis major tendon repair described in the 
literature, ail with encouraging outcomes 14-16,18,23,26,27,29,47,48)51 ; 
however, there is currently no “gold standard” and the lit¬ 
erature has yet to détermine a clear benefit among differ¬ 
ent techniques. Schepsis et al 36 reviewed 17 patients with 
a mean âge of 29 years at a mean follow-up of 28 months 
(range, 18 months to 6 years). Ten of the 17 injuries were 
the resuit of weight lifting. Thirteen patients underwent 
surgery within 2 weeks versus 7 chronic injuries. Four had 
nonoperative management. Subjectively 96% of the acute 
group rated their resuit as good as compared with 93% in 
the chronic group, and only 51% in the nonoperative group. 
Isokinetic testing showed that patients operated on acutely 
had the highest adduction strength (102% of the opposite 
side) compared with patients with chronic injuries (94%) or 
nonoperative treatment (71 %). Garrigues et al 23 reviewed 19 
patients who underwent a repair of the sternal head of the 
pectoralis major repair at least 6 months postoperatively. 
Sixteen sustained the in jury while bench pressing. The aver¬ 
age pre-injury bench press of 318 lb (range, 145-525 lb) 
was restored to an average of 264 lb (range, 100-500 lb) at 
follow-up. The average preoperative Penn Shoulder Score 



FIGURE 51-7 Final pectoralis major repair shows the healed incision 
and the restoration of the axillary fold. (Reproduced with permission 
from Provencher et al, 12 Fig. 9.) 
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was 60 points (range, 33-77 points), improving to 94 points 
(range, 64-100 points) at last follow-up. The average postop- 
erative ASES and S ANE scores were 96 points (range, 60-100 
points) and 93 points (range, 50-100 points), respectively. 
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INTRODUCTION 

The shoulder and axillary région is a mobile area that requires 
durable skin flap coverage. Skin grafts often become adhèr¬ 
ent and can resuit in scar contractures that restrict mobility. 
The shoulder is also a cosmetically sensitive area that tends 
to be exposed and grafts can be unsightly. The idéal recon¬ 
struction is a well-contoured cutaneous flap with similar 
thickness to the native tissue. 

Soft tissue shoulder coverage may be necessary for 
exposed hardware or critical structures (nerve, joint, bone, 
or tendon) or defects resulting from trauma, burns, infec¬ 
tion, chronic wounds, radiation, or oncologie resection. The 
reconstructive options include locorégional flaps such as a 
pedicled flap from the torso, a reversed arm flap, and the 
deltoid flap or free tissue transfer. There are many régional 
options that need to be assessed in terms of the vascular sup- 
ply and whether they hâve been damaged by trauma, radia¬ 
tion, vascular disease, or prior surgical intervention. Pedicle 
perforator flaps play a substantial rôle in reconstructingvari- 
ous defects in the shoulder and clavicular régions. Larger 
defects may require free tissue transfer and the anterior 
and posterior circumflex humerai vessels are commonly 
used récipient vessels. Computed tomographie angiography 
(CTA) may be helpful to identify perforator flaps or targets 
for free tissue transfer. The appropriate treatment option 
should be selected based on the defect etiology, location and 
size of the defect, comorbidities of the patient, and any rela- 
tive/absolute contraindications. 


REGIONAL FLAPS FROM THE TORSO 

The régional flap options based on the posterior torso 
include the scapular or parascapular flap, the thoracodorsal 
artery perforator (TDAP) flap, muscle-sparing latissimus 
dorsi (msLD) or full latissimus dorsi (LD), and the trapezius 
flap. Each of these can provide large skin flaps with a donor 
site that can be closed primarily. 



The scapular or parascapular flap can be harvested from 
the transverse and descending branches of the circumflex 
scapular artery that travels through the quadrangular space 
as defined by the triceps, teres minor, teres major muscles, 
and latéral scapular border. The maximal pedicle can be 
obtained by dissection to the origin at the subscapular artery 
for a length of 10 to 12 cm and a diameter of 4 mm. The 
scapular flap is supplied by the transverse branch (diameter 
0.8-1.4 mm) that travels 5 to 6 cm superior and parallel to 
the cephalic border of the LD muscle for a pedicle length of 
4 to 9 cm. 1 The parascapular flap is based on the descending 
branch that courses 6 to 8 cm medially and parallel to the 
latéral border of the LD muscle for a length of 3 to 7 cm and 
diameter of 0.8 to 1.4 mm. 2 Both flaps are drained via their 
respective venae comitantes and provide large skin paddles 
without donor-site functional morbidity. However, large 
flaps may require skin graft coverage of donor site unless 
preexpanded. 

The flaps are harvested with the patient preferably in 
latéral decubitus and the arm fully prepped. The patient is 
typically under general anesthésia, but, if necessary, the pro¬ 
cedure can be performed with sédation and local anesthetic 
infiltration. The quadrangular space is palpated and marked 
along with the origin of the circumflex scapular artery. If a 
scapular flap is planned, a line parallel to the superior bor¬ 
der of the latissimus is drawn along the course of the artery 
extending f rom the posterior axillary line up to the contralat¬ 
éral scapula. For the parascapular flap, the arm is adducted; 
the flap is designed to be parallel to the latéral border of 
the scapula extending from the axillary crease to the 12th 
rib if needed. For an extended scapular flap, both branches 
are incorporated to maximize the amount of soft tissue that 
can be included in the flap for larger defects. The flap can 
include the teres minor, a portion of the infraspinatus, or 
even the subscapularis muscle. The typical dimensions of 
the scapular flap include a length of 18 to 20 cm, a width of 
7 to 8 cm (maximal ~8 cm for primary closure), and a thick¬ 
ness of 2 cm, but it can be thinned down to the superficial 
fascia for a thickness of 8 to 9 mm. 3 The parascapular flap 
has similar sizes with a length of 26 cm, a width of 12 cm 
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(maximal 10 cm for primary closure), and a thickness of 2 
cm. The flap is harvested distal to proximal above the deep 
fascia, taking care to identify and prevent in jury to the ped- 
icle at the superior border of the teres major. For a pedicled 
flap, the dissection is then completed cephalad to caudal to 
expose the teres minor muscle and the vessels. The teres 
major muscle can be divided to extend the arc of rotation 
to reach the anterior chest. For a free flap, further length 
is obtained by releasing small arterial branches inside the 
quadrangular space to reach the subscapular artery. Delayed 
harvest can be used for very large flaps and the adjacent tis- 
sue can be preexpanded to permit primary closure. 

The pedicled TDAP flap can cover ipsilateral defects as 
far distally as the elbow and distal one third of the upper 
arm, as well as the shoulder, neck, and upper back taking 
care to avoid excessive tension, compression, or kinking 
of the pedicle and/or perforator. The thoracodorsal artery 
(TDA) divides into a transverse and descending branch. The 
TDAP flap is primarily based on perforators arising from 
the descending branch since there are no perforators from 
the transverse branch in ~33%. The skin paddle dimen¬ 
sion is determined by the defect and the maximal tension 
of the donor-site skin with an average of 11 x 25 cm but 
can be up to 13 x 32 cm and oriented transverse, oblique, 
or vertically. Primary closure is obtainable if the width is 
<10 cm. The pedicle is 10 to 19 cm long and 2 to 3 mm in 
diameter and the latéral thoracic vein can be included for 
extravenous outflow 4 (Fig. 52-1). The angular artery and the 
periosteal perforators supplying the bone and the tip of the 
scapula are not included in order to preserve the insertion 
of the serratus muscle and prevent winging. Preoperatively, 
the anterior border of the LD muscle is identifted by hav- 
ing the patient forcefully adduct the upper extremity and 
contract the LD muscle. The flap border is marked 1 cm 
anterior to this point. The scapular tip and posterior axil- 
lary fold are also marked. A stérile Doppler probe is used to 
map the latéral perforators at ~6 to 12 cm below the poste¬ 
rior axillary fold and 1 to 3 cm inside the latéral free muscle 
border. The médial perforators are found within a 3.5-cm 
circumference centered at the tip of the scapular angle. 
The most dominant and proximal perforator will usually 
be found along the course of the descending branch of the 
TDA, which is usually 8 cm below the posterior axillary fold 
and 2 cm médial to the latéral border of the LD muscle. The 
second landmark is 4 cm below the scapular tip and 2.5 cm 
behind the latéral border of the LD muscle, which repre- 
sents the location of the thoracodorsal neurovascular hilum. 
A 2-team approach is used with simultaneous flap harvest 
and récipient vessel préparation using loupe magnification 
when possible. Microsurgical instruments are needed for 
the anastomosis. A pinch test détermines the maximal skin 
paddle width while permitting primary closure. The skin 
paddle is designed either transversely along natural resting 
tension Unes of the upper back or obliquely foliowing the 
main axis of the LD muscle fibers. The anterior border of 
the flap must be placed well anterior to the anterior bor¬ 
der of the LD muscle in order to include as many potential 



FIGURE 52-1 A. A patient in latéral decubitus demonstrating preop- 
erative flap markings. B. Intraoperative view of dissection and anatomie 
landmarks. C. Harvested flap in situ prior to transfer. 


perforators within the flap such as the descending branch of 
the TDA and direct cutaneous or septocutaneous branches 
that course along the anterior border of the LD muscle. The 
patient is placed in the latéral decubitus position with the 
arm positioned in extension and abduction on a stérile 
Mayo stand. The initial skin incision is anterior or latéral. 
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Adjustments are made in the skin paddle design once the 
anterior border of the LD muscle is identified, which is 
always more anterior than anticipated by exam. The flap 
is harvested from latéral to médial in a suprafascial plane. 
A sensate flap can be harvested by including the posterior 
ramus of the latéral cutaneous branch of the intercostal 
nerve that is traced anteriorly between the slips of the serra- 
tus anterior muscle. Care is taken to not injure the anterior 
rami in order to preserve sensation to the anterior chest wall 
skin. The dissection proceeds anterior to posterior to avoid 
missing a direct cutaneous branch of the TDA or a septocu- 
taneous perforator running along the anterior border of the 
LD muscle. If no cutaneous anterior perforators are encoun- 
tered, then the dissection proceeds posteriorly toward the 
descending and transverse branches of the TDA in order to 
identify any suitable perforator(s). The anterior border of 
the LD muscle is elevated in order to identify the TDA ped- 
icle that is traced until it enters the LD muscle, identifying 
any perforators within the fattylayers. The selected perfora¬ 
tor musthave a loud signal on Doppler and strong pulsation 
to both inspection and palpation. The Doppler is also used 
to confirm adéquate venous outflow. If there are inadéquate 
perforators, the flap can easily be converted to a msLD flap. 
The motor branches of the thoracodorsal nerve that lie deep 
to either the descending or transverse branches of the TDA 
are preserved. If the flap length is >20 cm, a second perfora¬ 
tor can be included from either the descending or trans verse 
branches of the TDA. A more distal perforator will provide 
better perfusion to the distal portion of the flap as compared 
with a more proximal one. The skin paddle axis is centered 


so that the perforators are within the longitudinal axis of 
the flap. In smaller flaps, an eccentrically placed perforator 
will still provide adéquate perfusion. Dissection stops at the 
TDA and its venae comitantes or when an adéquate pedicle 
length and vessel diameter for a microvascular anastomosis 
has been reached. 

If adéquate perforators are not located or inadvertently 
injured during dissection, the flap can be converted to a 
msLD flap with nearly identical skin paddle limits. The 
muscle cuff around the pedicle is typically 3 to 4 cm but can 
be up to 8 x 15 cm for a large defect. The descending branch 
of the TDA is approximately 15 cm long (range: 13-19). 5 
The anterior border of the LD muscle is elevated, and 
the descending branch is dissected back to its origin (the 
bifurcation of the TDA), preserving the transverse branch. 
The thoracodorsal nerve is exposed, sparing the trans¬ 
verse branch to prevent denervation of the remaining LD 
muscle and ligating the descending branch. The muscle is 
divided 1 cm médial to the pedicle and split vertically along 
the fiber orientation. A cuff of muscle is harvested at the 
entrance of the descending branch into the LD muscle in 
order to capture as many perforating vessels. For a pedicled 
flap, the transverse branch can be divided to increase the 
arc of rotation. A case example is shown in Figure 52-2. For 
larger defects, the entire latissimus can be harvested using 
a cautery to detach the muscle fibers inferiorly and along 
midline, taking care to preserve the erector spinae muscles 
and lumbar fascia. This can then be rotated as a pedicled 
flap with or without a skin paddle as needed (Figs. 52-3 
and 52-4). 





FIGURE 52-2 Case example of reconstruction of left upper arm/shoulder sarcoma defect with a pedicled descending branch muscle-sparing latissimus 
dorsi flap. A. Preoperative view of left upper arm sarcoma lésion. B. Intraoperative left upper arm defect following sarcoma resection. C. When perfo¬ 
rators for a TDAP flap are not available or suitable, the flap can be converted to a muscle-sparing LD flap, based on either the descending or transverse 
branch of the thoracodorsal artery. 
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FIGURE 52-2 ( Continued.) D. The flap is easily rotated to the arm and 
shoulder to provide sof t tissue coverage. E. Postoperative view at 6 months. 




FIGURE 52-3 Intraoperative dissection of full latissimus dorsi flap. A. The flap is elevated with skin paddle and released medially and inferiorly. 
B. The flap is then released laterally to mobilize completely. C. The flap can provide a large area of coverage of either the latéral arm or shoulder (D). 
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FIGURE 52-4 Clavicular région reconstruction with a pedicled, 
perforator flap based on the transverse cervical artery. A. Squamous 
cell carcinoma lésion over the left clavicular région. B. Shoulder defect 
following excision of lésion. C. Pedicle propeller flap designed based on 
a perforator from the transverse cervical artery. D. Final defect coverage 
with a 17 x 8 cm pedicle propeller flap from the TCA and rotated 180° 
with primary closure of the donor site. (Reproduced with permission 
from Dr André Chollet.) 


Superficial Cervical Artery Flaps 

The trapezius muscle is supplied b y several different pedicles, 
the occipital artery, the superficial cervical artery (SCA), the 
deep branch or dorsal scapular artery (DSA), and the inter¬ 
costal arteries. The trapezius has 3 parts (descending, trans¬ 
verse, and ascending) of which only the latter 2, based on 
the SCA and DSA, respectively, should be utilized to ensure 
shoulder function is preserved. The SCA further divides 
into ascending and descending branches and despite several 
variations in the branching patterns consistently supplies the 
lower trapezius muscle. The trapezius flap is drained via the 
SCA venae comitantes that hâve a variable pattern that can 
limit the rotation for a pedicled flap. A flap based on the SCA 



can be partially innervated by branches of the cervical plexus. 
A small segment of the scapular spine can be included, but 
the latéral 2 cm of the acromion must be preserved. 

Preoperative markings are performed with the patient in 
an upright position with arms adducted to identify the scap¬ 
ular borders, scapular spine, acromion, posterior médian, 
rhomboid muscles, and trapezius muscle. A Doppler probe 
is useful to identify and mark the course of the DSA. The 
flap is commonly harvested with a cuff of muscle to protect 
the pedicle. Both the SCA and DSA can be included to maxi- 
mize perfusion, but this increases the donor-site morbidity 
and limits the arc of rotation. For the SCA, the skin paddle 
can be oriented either vertically or transversely, but the DSA 
flap is typically vertically oriented with a thickness of 2.5 cm. 
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The maximal dimensions are limited by the orientation and 
pedicle choice, but an 8 x 6 cm defect can be closed primar- 
ily. The patient should be under general anesthésia in either 
the latéral decubitus or prone position with the arm free to 
mobilize the scapula during the dissection. 

Deltopectoral Flap 

The régional skin flap options on the anterior torso are 
more limited. The vascular basis of the thoracoacromial 
artery perforator and latéral thoracic perforator flaps has 
been described. 6,7 However, the vascularity of this région is 
quite variable and caution should be exercised in harvest- 
ing these flaps. The pectoralis major muscle has a clavicular 
and sternocostal head supplied by the clavicular and pecto¬ 
ral branches of the thoracoacromial artery, respectively, as 
well as minor branches from the latéral thoracic, internai 
mammary, and intercostal arteries. The venous drainage is 
primarily through venae comitantes and secondary venules 
from the periphery. The donor-site defect can resuit in a 
distorted breast contour and functional déficits if the entire 
muscle is harvested. The flap may be bulky in obese patients 
or women with abundant overlying breast tissue for which a 
muscle-only flap should be considered. The patients should 
be carefully examined for previous chest scars as well as for 
the presence of the pectoralis muscle. The axis of the pedicle 
is marked with a line from the acromion to the xiphoid and 
the skin island is placed at the appropriate distance to reach 
the defect. Perforators are more abundant laterally that can 
be verifled with Doppler. The skin paddle size correlates with 
the defect adding 10% for skin retraction after harvest. An 
8 x 10 cm skin paddle can be harvested with primary clo- 
sure of the donor site (thickness of 1.4 cm). The incision is 
extended laterally and parallel to the cia vicie to preserve the 
deltopectoral flap territory. The skin island is incised, and 
then the flap is elevated laterally to identify the pectoralis 
muscle border that is released off the chest wall. The pedicle 
is identified médial to the pectoralis minor along the under- 
side of the pectoralis major muscle that is then detached 
from the chest and humérus. Division of the clavicular head 
of the pectoralis may reduce the bulge and improve the max¬ 
imal reach of the flap during insetting. 

REGIONAL FLAPS FROM THE ARM 

The régional flap options for shoulder and axillary recon¬ 
struction that can be harvested from the arm include the 
deltoid flap (posterior circumflex humerai artery), the lat¬ 
éral arm flap, the médial arm flap, and the posterior arm flap 
(perforating branch of the brachial artery). 

The deltoid flap supplied by the posterior circumflex 
humerai artery is a reliable flap that can be used as a pedicled 
flap for régional reconstruction. The artery arises from the 
axillary or brachial artery and runs posteriorly, deep to the 
deltoid muscle, to anastomose with the anterior circumflex 


humerai artery. The posterior circumflex humerai artery 
supplies the deltoid muscle and overlying skin through 
musculocutaneous perforators. The cutaneous perforators 
emerge from the posterior border of the muscle and sup- 
ply the skin over the posterior aspect of the shoulder. The 
cutaneous branch runs superiorly between the latéral head 
of the triceps and deltoid muscles. The deltoid flap is a reli¬ 
able, well-vascularized flap. However, it tends to leave a poor 
donor-site scar, particularly if skin grafting is required. 

The latéral arm flap can also be useful for upper arm and 
shoulder reconstruction. This flap is harvested based on the 
posterior radial collateral artery that is 6 cm in length and 
drainage is through the associated venae comitantes and pos- 
sibly the cephalic vein if included. A preoperative évaluation 
for prior trauma to the humérus or previous surgical scars is 
critical to rule out in jury to the pedicle. Imaging studies such 
as Doppler, angiography, or a CT angiogram (CTA) may be 
appropriate especially in trauma patients. The flap can be 
harvested with the patient in either the supine or prone posi¬ 
tion under a general anesthetic or axillary block. The skin 
island is centered over a line between the deltoid insertion 
and the latéral épicondyle. It is designed to suit the defect b ut 
can be extended distally up to 12 to 15 cm beyond the épi¬ 
condyle. There is minimal donor-site morbidity and defects 
up to 6 to 8 cm wide can be closed primarily. Typically this 
is a fasciocutaneous flap, but a portion of the triceps, bra- 
chialis, or brachioradialis muscle can be included to flll deep 
defects. Under tourniquet control, the incision is started pos¬ 
teriorly and extended under the deep fascia identifying the 
intermuscular septum and exposing the latéral head of the 
triceps muscle. The dissection proceeds anteriorly to identify 
the perforators and expose the brachialis and brachioradialis 
muscles. The septum is released from the elbow to the level 
of the deltoid insertion. Z-plasties can be useful to avoid lin- 
ear scars over the donor site near the elbow. The flap can be 
pedicled or harvested as a free flap, but the vessels are small 
(1.5 mm); they must be divided proximal to the branching 
of the anterior and posterior radial collateral arteries and 
should be marked to distinguish the artery from vein. 

The médial arm flap is based on the perforator of the 
superior ulnar collateral artery. The flap is designed along 
the médial inner aspect of the arm. The perforator emerges 
approximately halfway along a line drawn from the ante¬ 
rior axillary fold to the médial épicondyle of the humérus. 
Médial arm flaps may be pedicled proximally or distally and 
may be useful for axillary reconstruction or further recon¬ 
struction of adjacent soft tissue defects. The skin is thin and 
pliable and the donor-site scar is excellent. The flap can be 
raised as a free flap as well; however, the pedicle is quite short 
(1-2 cm) and inconsistent. Of a historical note, this flap was 
originally used for cross-arm flaps. The vascular anatomy is 
variable and the main or dominant perforator in the région 
may arise from the superior ulnar collateral artery, directly 
from the brachial artery, or from a muscular branch to the 
biceps muscle. 

The posterior arm flap is a useful flap based on the pos¬ 
terior perforator of the brachial artery, which has been 
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described by Masquelet et al. 8 The artery supplying the flap 
arises from the brachial artery in 75% of cases, and from the 
profunda brachial artery in 25% of cases. The pedicle length 
is 4 to 5 cm and the diameter of the vessel at its origin is 
1.5 mm. The vessel arises from the brachial artery and passes 
posteriorly, piercing the fibrous arcade between the long 
head of triceps muscle and the latéral edge of the ter es major 
tendons. The flap may be either used as a pedicled flap for 
axillary reconstruction or harvested as a free flap. The flap 
may be harvested as an innervated flap with a branch of the 
radial nerve, the médial cutaneous nerve of the arm. 

FREE TISSUE TRANSFER 

When the soft tissue defect in the shoulder or upper arm 
area is particularly large, or if suitable régional skin flaps 
are not available, then harvest of a distant free tissue trans¬ 
fer becomes necessary. There are a wide variety of options 
depending on factors such as the size of the defect, the degree 
of adiposity in the patient, and the available récipient ves- 
sels. Traditional flaps such as anterior latéral thigh or radial 
forearm, as well as a variety of perforator flaps, can be con- 
sideredbased on the patients body habitus and other comor- 
bidities. The latéral circumflex fémoral artery perforator flap 
(descending branch of latéral circumflex fémoral artery) is 
a particularly useful flap for upper limb reconstruction. It is 
generally fairly thin and has a long pedicle length. The donor 
site can be closed primarily and harvest of the flap from the 
lower extremity allows 2 teams to operate independently. 
Similarly, the médial circumflex fémoral artery perforator 


flap allows a 2-team approach with a similarly reliable flap. 
For particularly massive wounds, a deep inferior epigas- 
tric artery perforator flap allows the harvest and transfer 
of a large segment of tissue. However, the main drawback 
is that the tissue is usually quite bulky, which may not con¬ 
tour well over the shoulder area where thin skin coverage is 
usually required. As in other applications of microsurgery, 
individualized sélection of the donor site provides optimal 
reconstruction. 
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Nerve Entrapments— 
Quadrilatéral Space, 
Supraspinatus Nerve 
Entrapment 

Timothy R. McAdams, MD 


INTRODUCTION 

While the true incidence of injury to the suprascapular 
nerve (SSN) is unclear, over the past decade clinicians hâve 
become more aware of its existence. It has been suggested 
that the prevalence in overhead athlètes may be between 12% 
and 33% and between 8% and 100% in individuals with mas¬ 
sive rotator cuff tears. 1 The mechanism of in jury may resuit 
from compression, traction, friction, répétitive microtrauma, 
or direct injury. The common site of in jury occurs at either 
the suprascapular or spinoglenoid notch. Most athlètes are 
able to return to sport following nonoperative and opéra¬ 
tive treatment despite persistent atrophy, for which recovery 
is variable. 2 While the natural history of in jury to the SSN 
nerve is debatable, outcomes are likely related to the spécifie 
underling etiology. 


ANATOMY 

The SSN’s primary function is to supply motor innervation 
to the supraspinatus and infraspinatus muscles of the rota¬ 
tor cuff. Because it has sensory branches to the joint and 
capsule, it can also be a pain generator in the shoulder. 3,4 
Pain in the posterior and latéral aspect of the shoulder 
due to involvement of the cutaneous sensory branches of 
the SSN has also been reported in some patients with nerve 
injury. 5-7 

The SSN originates from the upper trunk of the brachial 
plexus at Erb’s point where it transverses the posterior cer¬ 
vical triangle and moves laterally to upper border of the 
scapula on the floor of the suprascapular fossa (Fig. 53-1). 
It then travels through the suprascapular notch under the 
transverse scapular ligament. At the suprascapular notch 
the nerve lies approximately 3 cm from the supraglenoid 
tubercle and at the spine of the scapula 1.8 to 2.1 cm 
médial to the posterior glenoid rim. 8)9 As the nerve exits 



the suprascapular notch it sends off 1 to 2 motor branches 
to the supraspinatus muscle. It then enters the infra¬ 
spinatus fossa by way of the spinoglenoid notch. At the 
spinoglenoid notch it dives under the transverse scapular 
ligament that can vary in its presence and then divides to 
provide motor branches to the infraspinatus muscle. The 
motor branches corne off approximately 2 cm médial to the 
posterior glenoid rim. 9 

MECHANISM OF INJURY 

Suprascapular neuropathy may occur secondary to a vari- 
ety of mechanisms. Because the nerve is relatively fixed at 
either end (Erbs point and infraspinatus muscle), wraps 
around the spine of scapula, and transverses 2 so-called 
tunnels (suprascapular and spinoglenoid notch), it is sus¬ 
ceptible to a traction injury. Stretching of the nerve more 
than 6% can cause altered motor function, while more 
than 15% can lead to irréversible damage. 10,11 This trac¬ 
tion phenomenon resulting in microtrauma to the nerve 
may be accentuated in overhead athlètes. 12 In the setting 
of a massively retracted rotator cuff tear up to 39% of 
patients may hâve signs of a neuropathy as demonstrated 
by Warner et al. 9 At the suprascapular notch the nerve may 
be injured by compression from the overlying transverse 
scapular ligament. At this level both the supraspinatus and 
infraspinatus muscles are affected. Anatomically, both the 
size of the notch and the ligament can vary between indi¬ 
viduals. 13 ' 16 The ligament itself may be ossified or there 
can be an extra ligament. 17 Direct trauma from a shoulder 
dislocation, a fracture involving the surrounding bones, 
or iatrogénie damage during an arthroscopic procedure 
has also been reported. 18 At the spinoglenoid notch simi- 
lar patterns of injury can also occur, but space-occupying 
lésions such as paralabral cysts and labral tears are more 
commonly the culprit. 2 At this level only the infraspinatus 
muscle is affected. 
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FIGURE 53-1 Anatomy of the suprascapular nerve in relation to the rotatorcuff muscles and quadrilatéral space, as seen from the posterior aspect of 
the shoulder. (Reproduced with permission from Safran. 18 ) 


HISTORY AND PHYSICAL FINDINGS 

The clinical diagnosis of SSN injury may be difficult 
because coexisting shoulder pathology can resuit in over- 
lapping symptoms. Patients with a SSN neuropathy, most o f 
whom are between 2 0 and 50 years, may présent with pain, 
and supraspinatus and/or infraspinatus weakness and atro- 
phy. Patients who hâve a more proximal level of involve- 
ment tend to présent with dull, sometimes burning pain in 
the posterior and latéral shoulder, and a variable degree of 
weakness and atrophy of the supraspinatus and infraspina¬ 
tus muscles. The pain may be accentuated by cross-body 
adduction and internai rotation that is thought to place 
more tension on the nerve. 13 The SSN test (Fig. 53-2) as 
described by Lafosse et al can be performed by laterally 
rotating the head away from the affected shoulder while 
posteriorly and inferiorly retracting the shoulder can exac- 
erbate pain. 19 Varying degrees of scapular dyskinesis may 
be présent. Patients who présent with SSN entrapment at 
the level of the spinoglenoid notch may hâve less severe 
symptoms and are more likely to hâve varying degrees of 
painless wasting of infraspinatus muscle. 18 A careful évalu¬ 
ation for instability, labral tears, and rotator cuff pathology 
should be performed due to the frequent coexistence in 
these individuals. 


Although there is no consensus for diagnostic criteria, 
electrophysiological studies are commonly used in the diag¬ 
nosis of a SSN in jury, to both establish a baseline for treat- 
ment and localize the area of entrapment. Findings include 
a prolonged motor latency from Erb’s point to either the 



FIGURE 53-2 Suprascapular nerve compression test. 
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FIGURE 53-3 Coronal-oblique Tl (A) and T2 (B) and sagittal-oblique T2 (C) images of left shoulder paralabral cyst between the supraspinatus and 
infraspinatus compressing the spinoglenoid notch. 


supraspinatus or infraspinatus depending on level of entrap¬ 
ment, and possibly denervation potentials, These studies 
can be normal despite SSN neuropathy as they do not detect 
damage to unmyelinated or thinly myelinated pain f ibers and 
are very technique dépendent. 12 Magnetic résonance imag- 
ing (MRI) can also be a very helpful diagnostic tool for dis- 
cerning the degree of atrophy, the presence of edema within 
these muscles, the presence of space-occupying lésions, and 
associated rotator cuff or labral pathology 20 (Fig. 53-3A and 
B). Recently a report using a 3-T MRI reported that with this 
high-resolution s can the radiologist may be able to depict the 
morphologie character of the nerve with regard to alterations 
in caliber, contour, continuity, and signal intensity. 21 There 
are no studies comparing the sensitivity of electrophysiologi- 
cal studies with MRI and both are routinely done in clinical 
practice. Plain radiographs, although generally normal, may 
indicate a history of fracture, a small notch, or ossification 
of the transverse scapular ligament that can be seen on the 
Stryker notch view. If pain is the prédominant feature, a local 
SSN nerve can also be used to confirm the diagnosis. 22 

SURGICAL TREATMENT 
Indications: No Space-occupying Lésion 

Operative management for those individuals who hâve no 
space-occupying lésion is debatable. We, and most others, 
proceed with operative management in those individuals 
who hâve continued pain, weakness, and/or no improvement 
on repeat EMG despite 6 months of conservative treatment. 18 
Some feel that the patient who présents with symptoms 
for >6 months or evidence of atrophy warrants immédiate 


décompression in order to avoid any possible irréversible 
damage. 23,24 We find it is often challenging to know the true 
time of onset as many “acute” atrophy changes may hâve 
been developing over a long period of time. 

Space-occupying Lésion 

For space-occupying lésions, which most commonly occur 
at the spinoglenoid notch, such as a spinoglenoid cyst, 
most authors recommend a more aggressive approach. 
The literature is consistent with the finding that up to 
90% of the ganglion cysts develop in the setting of a cap- 
sulolabral tear. When this occurs, a so-called 1-way valve 
is established for synovial fluid. 23,26 Options for treatment 
include radiographie-assisted percutaneous cyst drainage, 
open cyst décompression, arthroscopic cyst décompression 
with or without labrum treatment, or nerve décompres¬ 
sion. Percutaneous cyst drainage has been associated with 
a récurrence rate of approximately 50%, but is a reasonable 
first-line treatment option as long as there is no significant 
muscle atrophy. 25,27 We commonly perform image-guided 
aspiration using ultrasound for paralabral cysts without 
significant atrophy changes on MRI, especially in athlètes 
in season, and reserve arthroscopic or open techniques if 
symptoms persist or the cyst recurs (Fig. 53-4A and B). 
Arthroscopic management has the benefit of simultane- 
ously diagnosing and addressing intra-articular as well 
as any subacromial pathology with minimal morbidity. 
Although excellent results hâve been reported with open 
décompression, the current literature supports shoulder 
arthroscopy with cyst décompression and either repair or 
debridement of the labrum. 18,28-30 
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FIGURE 53-4 A. Coronal-oblique T2 image of paralabral cyst deep to the supraspinatus with (B) corresponding ultrasound image of the cyst. 


CONTRAINDICATIONS 

Surgery is not indicated as the initial treatment for an SSN 
neuropathy in the absence of a space-occupying lésion. 
Treatment includes a period of conservative treatment with 
discontinuation of aggravating overhead activities, and a 
shoulder réhabilitation program for rotator cuff and scapular 
stabilization exercises. The emphasis is placed on maintain- 
ing full glenohumeral motion and stretching the posterior 
capsule. Most overuse types of neuropathy will résolve 
within 6 to 12 months. 18 Repeat electrophysiological studies 
usually at 6 months are recommended to verify recovery and 
can help in the decision process of whether to proceed with 
surgical intervention. 31 

SURGICAL TECHNIQUE 

The cyst can generally be decompressed through the stan¬ 
dard portais used when addressing the labrum. A shaver 
can be used to release the posterior superior capsule 
through the glenohumeral joint and the cyst can usually be 
identified between the raphe of the supra and infraspinatus 
muscle. Some authors feel that by just repairing the labrum 
the 1-way valve is eliminated and the cyst will résolve 
over time such that décompression is not required. 26 A 
recent report did demonstrate increase in external rota¬ 
tion with arthroscopic SLAP repair and décompression 
of the cyst versus labral repair alone. 32 We hâve not found 
any différence in our outcomes with labrum debridement 
versus repair as long as the cystic lésion is adequately 
decompressed. 


At the level of the suprascapular notch the transverse 
scapular ligament can be released through either an open or 
arthroscopically approach. A notchplasty may be required if 
the notch is narrow or V-shaped by removal of the médial 
wall. If the decision is made to perform an open procedure at 
this level, either a superior (difficult in big patients) or pos¬ 
terior approach (endangers spinal accessory nerve) can be 
done. Weinfeld et al 24 described the topographical landmarks 
prior to performing the split of fibers of the trapezius when 
approaching the ligament where it can be found 1.3 cm pos¬ 
terior to posterior border of the clavicle and 2.9 cm médial 
to the AC joint. In a posterior approach the trapezius is ele- 
vated off the scapula and then the suprascapular muscle can 
be retracted to provide visualization of the notch. These pro¬ 
cedures can be done in beach chair or latéral decubitus posi¬ 
tion. We prefer superior approach with split of the trapezius 
muscle in a beach chair position under general anesthésia. 

For an arthroscopic SSN décompression the patient is 
positioned in either latéral or beach chair position with or 
without traction. A standard diagnostic arthroscopy is done 
through a standard posterior portai. The arthoscope is redi- 
rected into the subacromial space in which a bursectomy is 
done. The scope is then repositioned into a standard latéral 
portai and a shaver or radio-frequency device is introduced 
via an accessory antérolatéral portai. The coracoacromial 
ligament is exposed and traced to the base of the coracoid 
at which point the coracoclavicular ligaments are identified. 
Médial to these ligaments is the latéral margin of transverse 
scapular ligament. To expose this area 2 additional portais 
between the clavicle and scapula are recommended. An 
initial médial portai is placed approximately 3 cm médial 
to the angle created by the clavicle and scapula spine. This 
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FIGURE 53-5 A. Arthroscopic scissors in place to resect suprascapular ligament. B. Arthroscopic transection of suprascapular ligament. C. After liga¬ 
ment transection. D. Suprascapular nerve branches (marked with asterisks) entering supraspinatus (SS). TL, transverse ligament. (Reproduced with 
permission from Lafosse et al. 19 ) 


portai is used to expose the ligament as well as dissect and 
retract the neurovascular bundle while a second portai 5 to 
10 mm médial to this portai is used to eut the ligament or 
notchplasty. 33,34 Another method is décompression through 
the subacromial space in which a single additional portai 
is made 2 cm médial to the Neviaser portai. Here viewing 
through the latéral portai a shaver removes any soft tissue 
and exposes the conoid ligament attachment to the cora- 
coid. The base marks the latéral insertion of the TSL that run 
perpendicular to the conoid ligament. The accessory médial 
portai is used to retract the supraspinatus muscle so the liga¬ 
ment and neurovascular bundle can be identified. Several 
authors hâve described these arthroscopic techniques with 
good results 1,34 (Fig. 53-5A-D). 

If the problem is distal at the spinoglenoid notch, the 
ligament is also released and in the setting of non-space- 
occupying lésion a notchplasty is generally combined 
at this level. A similar posterior approach as described 
above can be used in which the deltoid can be detached 
or retracted while the infraspinatus muscle is elevated to 
expose the nerve. There exists some controversy whether 
to decompress both notches in these patients. Arthroscopic 


spinoglenoid notch décompression has been described for 
non-space-occupying lésion but usually in association 
with paralabral ganglion. 28 

COMPLICATIONS 

The literature regarding this topic is composed of primarily 
small case sériés such that the reported incidence of complica¬ 
tions seems to be rare. They can include neurovascular dam¬ 
age, infection, and loss of motion. Nerves at risk for in jury 
include the spinal accessory, SSN and associated branches or 
artery, and axillary nerve. 

OUTCOMES 

Westerheid et al reviewed 14 patients with SSN palsy second- 
ary to spinoglenoid ganglion cysts. 30 The most common pre- 
senting symptoms were pain and weakness, which lasted an 
average of 7.5 months. Ten of 14 patients were noted on exam¬ 
ination to hâve atrophy, and ail 14 patients had weakness of 
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the infraspinatus. MRI showed spinoglenoid ganglion cysts 
in ail 14 patients, with an average cyst size of 3 cm. Labral 
pathology was identified intraoperatively in ail 14 patients. 
At an average follow-up of 51 months, the average Simple 
Shoulder Test (SST) score was 11.5 (12 maximum), which 
was improved from an estimated preoperative score of 4.3. 
Improvement in external rotation strength was seen in 100% 
of patients who were examined postoperatively. No complica¬ 
tions were reported, and there were no clinical or symptom- 
atic récurrences. 30 

Kim et al 35 reviewed 42 patients who underwent a SSN 
décompression. The mean follow-up was 18 months (range, 
12-48 months). Thirty-one (79%) of 39 patients with supra- 
scapular notch SSN injuries/entrapments, excluding gan¬ 
glion cysts, presented with mild-to-moderate shoulder pain 
and spinati weakness. Preoperatively, patients had supra- 
spinatus function Grades 0 to 2 and infraspinatus function 
Grades 0 to 2. Supraspinatus function improved postopera¬ 
tively to Grade 4 or better in 28 patients (90%) and to Grades 

2 to 3 in 3 patients (10%). Infraspinatus function improved 
to better than Grade 3 in 10 patients (32%), to Grades 2 to 

3 in 14 patients (45%), and to Grade 1 in 7 patients (23%). 
Preoperatively, 8 (21%) of 39 patients presenting with per¬ 
sistent severe pain had Grade 3 spinati strength. Of these 
8 patients, 7 (88%) had an improvement in pain postopera¬ 
tively. Strength in this group remained the same or improved 
to Grade 4. Postoperatively, 3 patients with ganglion cysts 
had good improvement in spinati function. 

Shah et al reviewed 27 patients who underwent an 
arthroscopic SSN décompression at the suprascapular and/or 
spinoglenoid notch. 1 Eighty-nine percent (24/27) of patients 
had preoperative positive electromyography and nerve con¬ 
duction EMG/NCV studies documenting SSN pathology. 
At an average follow-up of 22.5 months (range, 3-44), 71% 
(17/24) of patients reported a significant decrease in pain at 
an average of 9.4 weeks from surgery. Seventy-five percent 
(18/24) had a statistically significant improvement in the 
American Shoulder and Elbow Society (ASES) self-assess- 
ment scores and 71% (17/24) had a statistically significant 
improvement in the subjective shoulder value (SSV) scores. 

QUADRILATERAL SPACE 
ENTRAPMENT 

An infrequent but often overlooked cause of posterior shoul¬ 
der pain is compression of the axillary nerve at the quad¬ 
rilatéral space. Injury to the axillary nerve is estimated to 
represent 1% of ail nerve injuries and can occur from direct 
in jury in setting of instability, iatrogénie injury during sur- 
gical exposure, proximal compression in thoracic outlet 
syndrome, and distal compression within the quadrilatéral 
space. 36 The prevalence of quadrilatéral space syndrome 
(QSS) is unclear. It was first described by Cahill and Palmer 37 
in 1983 and has since been reported to occur in répétitive 
overhead sport athlètes. 38-40 Fibrous bands are a common 
cause of compression of the axillary nerve at this level. 37,39 


Infraspinatus 


Posterior circumflex 
humerai artery 



FIGURE 53-6 Quadrilatéral space entrapment, posterior view of shoul¬ 
der. The axillary nerve and posterior circumflex humerai artery exit 
between the teres minor. (Reproduced with permission from Safran. 18 ) 


The clinical examination may be nonspecific and thus the 
diagnosis challenging. Many of these individuals présent 
after having multiple surgeries prior to the correct diagno¬ 
sis. 18 Careful physical examination combined by adjuvant 
diagnostic tests and a high index of suspicion can aid the 
physician in this diagnosis. 

Anatomy 

The axillary nerve is a b ranch of the posterior cord of the bra¬ 
chial plexus derived from the fifth and sixth cervical nerves. 
It travels laterally along the anterior surface of the subscapu- 
laris until it dips under the tendon to travel posteriorly adja¬ 
cent to the inferomedial joint capsule. At this point it travels 
through the quadrilatéral space accompanied by the poste¬ 
rior circumflex artery (Fig. 53-6). This space is bordered by 
the humerai shaft laterally, long head triceps medially, teres 
minor superiorly, and latissimus dorsi inferiorly. After tran- 
sitioning through this space it wraps around the surgical 
neck of the humérus branching into anterior and posterior 
branches. This division can occur before, within, and after 
the quadrilatéral space. Loukas et al 41 demonstrated this 
division occurred with the space 65% of the time and 35% 
after exiting. The anterior division continues to wrap around 
humérus while coursing on the under surf ace of the deltoid 
to provide motor function to the anterior and médial deltoid. 
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The posterior branch divides into the upper latéral brachial 
cutaneous nerve and motor branch to the teres minor. The 
mean distance between the posterior latéral corner of the 
acromion and the point where the nerve exits the quadrilat¬ 
éral space is 7.8 cm (6.4-8.8 cm), while the anterior branch 
lies 5.55 cm (4.72-7.52) and posterior branch 4.83 cm (4.11- 
6.92) from the tip of humerai head. 42 This distance, as well as 
the size of the quadrilatéral space, has been shown to change 
with respect to varying shoulder positions. 43 Abduction of 
the arm has been shown to decrease the size of the quadran- 
gular space as well as this distance. 44 

Mechanism of Injury 

QSS may be attributable to both traumatic and atraumatic 
causes. Potential traumatic causes include nerve stretch fol- 
lowing a shoulder dislocation, blunt or penetrating trauma, 
fracture, and iatrogénie surgical in jury. 45 Atraumatic causes 
include compression from fibrous bands, 37,39 venous dila- 
tion, 39 muscle boundary hypertrophy, 46 and paralabral cyst. 47 
This syndrome may also be seen without acute in jury or dis¬ 
crète mass in overhead athlètes. It is hypothesized that répét¬ 
itive microtrauma during overhead positions may hâve a rôle 
in some of the unexplained cases. 

History and Physical Findings 

This syndrome is usually seen in active individuals between 
20 and 40 years of âge. 48 The symptoms that occur as a resuit 
of compression of this nerve at this level can be variable. 
Overhead sport athlètes tend to présent with symptoms 


that are more poorly localized. These include vague poste¬ 
rior shoulder pain, fatigue, and a décliné in performance. 
These symptoms tend to be aggravated with the shoulder in 
abduction and external rotation (ABER). Occasionally, these 
patients can hâve atrophy of the deltoid and/or teres minor, 
along with paresthesias over the latéral shoulder. We hâve 
found, as hâve others, that point tenderness in the quadrilat¬ 
éral space (2-3 cm distal to the standard posterior shoulder 
portai) is the most important clinical finding when consider- 
ing a diagnosis of QSS. 18,37,39 

A variety of tests can be bénéficiai to diagnose QSS, as 
the examination may be nonspecific and the présentation 
unclear. Wehave a routine algorithm for patients who prés¬ 
ent with posterior shoulder pain. First, a history a nd physi¬ 
cal examination is done taking care to delineate any signs 
that may point to potential causes of posterior shoulder 
pain such as scapular dyskinesis, labral injury, euff injury, 
glenohumeral internai impingement, or SSN entrap¬ 
ment. Patients undergo plain x-ray films of the shoulder 
followed by an MRI. In this setting the radiographs are 
generally unremarkable. Isolated teres minor or deltoid 
denervation changes seen on MRI would be suggestive of 
QSS (Fig. 53-7). Patients who hâve these findings or point 
tenderness in the quadrilatéral space then get a lidocaine 
block test. Five milliliters of 1% plain lidocaine is injected 
directly into the quadrilatéral space (2-3 cm inferior to 
the standard posterior portai). Care must be taken not 
to inject into the posterior circumflex artery by standard 
gentle aspiration technique prior to injection. Ultrasound 
guidance may improve localization of the space, but we 
hâve found that a block without image guidance in the 
clinic is simple and predictably effective. Those patients 



FIGURE 53-7 Sagittal-oblique T2 images ( A, B) demonstrating teres minor edema consistent with compression of t he axillary nerve in the quadri¬ 
latéral space. 
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FIGURE 53-8 CT angiogram of the left shoulder in full abduction 
demonstrating posterior humerai circumflex compression consistent 
with compression of the axillary nervein the quadrilatéral space. 


who hâve a positive block test (relief of pain) then get both 
an EMG and CT angiogram. Results of the EMG can help 
rule out SSN entrapment and provide a baseline. They may 
be normal in those cases that are more of a dynamic phe- 
nomenon. A CT angiogram is done in both neutral and 
ABER looking at compression of the posterior humerai 
circumflex artery due to its intimate relationship with the 
nerve in the quadrilatéral space. However, compression in 
the ABER position has been shown to occur in some nor¬ 
mal asymptomatic patients so this is used as an adjunct 
but does preclude the diagnosis of QSS 49 (Fig. 53-8). We 



hâve found that a positive QSS block test is the most useful 
diagnostic modality, and many times is the only positive 
test in patients who undergo décompression. 

Surgical Indications 

If a large compressive lésion is présent, then early inter¬ 
vention may be warranted. For those individuals in whom 
the symptoms are functionally limiting and unimproved 
within 3 to 6 months and clinical and diagnostic tests sug- 
gest QSS, surgery is generally recommended. However, as 
in the case of SSN compression, by the time these patients 
présent to an orthopedist the symptoms may hâve been 
présent long enough to warrant immédiate surgery and 
hâve a narrow time frame of 6 to 8 weeks prior to recom- 
mending surgery. 50 

Contraindications 

Surgical treatment is not indicated for atleast 6 months in 
the absence of a mass-occupying lésion since more than 70% 
tend to résolve within 6 months of conservative manage¬ 
ment. 49 Nonoperative management involves physical therapy 
focusing on posterior shoulder stretches, scapular stabiliza¬ 
tion exercises, and shoulder mechanics. 

Surgical Technique 

Although an arthroscopic approach has been recently 
described in the literature 30 for axillary nerve décompression 
at the level of the capsule, QSS is treated by an open posterior 
approach. We perform the surgery in the latéral decubitus 
position under general anesthésia. As described by Francel 
et al 46 a 3.5-cm incision is made longitudinally centered over 
the quadrilatéral space (Fig. 53-9A and B). The posterior 



FIGURE 53-9 Intraoperative photograph of planned incision for axillary nerve décompression at the quadrilatéral space (A), and visualization of the 
nerve exiting between the teres minor and major (B). 
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Retraction of deltoid muscle 


Retraction of teres 
minor muscle 


Axillary nerve and posterior humerai circumflex 
artery exiting quadralateral space 


long head of the 


FIGURE 53-10 Surgical exposure of the quadrilatéral space. The deltoid is reflected superolaterally. No deltoid fibers are split, and no part of the 
deltoid is detached from the acromion. 


deltoid is retracted superiorly to expose this space. Gentle 
palpation along the humerai neck is used to verify the loca¬ 
tion with direct palpation of the axillary nerve and posterior 
humerai circumflex artery. The nerve is dissected free of any 
adhesion or underlying preidentified mass (Fig. 53-10). The 
shoulder is then placed in ABER to verify that nerve is free 
and puise maintained. Patients are placed in a sling for com- 
fort postoperatively for 10 to 14 days. We encourage early 
immédiate passive range of motion to avoid new adhesions. 
Hyper-ABER is avoided for first 4 weeks and then at 6 weeks 
strengthening and sport-spécifie exercises are begun. Results 
for those who require surgery are favorable. 37,46,51 

Outcomes 

In our sériés of 4 athlètes with a mean âge of 24 years, 
fibrous bands entrapped the axillary nerve in 3 shoulder s, 
and venous dilation was found in the fourth shoulder. At a 
mean follow-up of24.5 months ail patients returned to sport 
at 12 weeks with complété relief of symptoms. 39 There was 
no loss of motion or abduction strength and patients reached 
maximal improvement by 4 months after surgery. 
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RATIONALE AND BASIC SCIENCE 

In upper-type lésions of the brachial plexus, shoulder abduc- 
tion/external rotation and elbow flexion are the missing 
functions that require surgical reconstruction. In C5-C7 
root injuries, elbow extension is preserved. Triceps palsy is 
observed only when the C5-C8 roots hâve been injured. 1 
Root in jury occurring proximal to the intervertébral fora¬ 
men is not amenable to surgical reconstruction (ie, avulsion 
injury). Root lésions distal to the intervertébral foramen, at 
the supraclavicular level, should be grafted. In our expéri¬ 
ence, in partial palsies of the brachial plexus, avulsion of both 
the C5 and C6 roots is rare; it occurred in only 18% of our 
cases, with the C5 root available for grafting 65% of the time 
and both the C5 and C6 roots usable 16% of the time. 2 In 
terms of shoulder motion, grafting the roots of the brachial 
plexus to the upper trunk or a distal nerve transfer alone 
portends poorer results when compared against the com- 
bined procedure of root grafting plus distal nerve transfer. 
The problem of anatomical reconstruction with sural nerve 
grafts is the failure of reconstructing external rotation due 
to co-contractions. Distal nerve transfers address potential 
targets for reinnervation, but fail to address the antagonist 
and stabilizer muscles of a given joint/motion. For instance, 
elbow flexion strength is worse when ulnar nerve fascicle 
transfers to the biceps motor nerve are compared with ulnar 
nerve fascicle transfers in combination with C5 root grafting 
to the anterior division of the upper trunk. With the com- 
bined procedure, the repair addresses not only the biceps 
but also the pectoralis major. When the elbow flexes strongly 


against résistance, the pectoralis major co-contracts to sta- 
bilize the shoulder, thereby improving elbow flexion power. 
In general, 47% of patients with upper-type injuries of t he 
brachial plexus complain about pain, which in a few cases 
can be ameliorated by root grafting. 3,4 Hence, if the C5 root 
is available for grafting, we connect it to the anterior division 
of the upper trunk to reinnervate the pectoralis major, cora- 
cobrachialis, brachialis, and brachioradialis. If both roots are 
available, the anterior portion of the roots is grafted to the 
anterior division, while the posterior portion is grafted to 
the posterior division of the upper trunk. 

The supraspinatus and deltoid muscles primarily orches- 
trate shoulder abduction, both muscles being able to initiate 
abduction. Above horizontal, the pectoralis major, coraco- 
brachialis, and biceps help to raise the arm. External rotation 
is primarily executed by the infraspinatus and teres minor. 5-7 
To increase the likelihood of reinnervating prime abductors 
and external rotators, distal nerve transfers should target 
reinnervation of both the suprascapular and axillary nerves. 
In daily activities, external rotation is more important than 
abduction beyond horizontal. Hence, nerve transfer to the 
axillary nerve should not exclude the teres minor during the 
reinnervation process. 8 The posterior division of the axil¬ 
lary nerve, containing branches to the posterior deltoid and 
the cutaneous branch, should be excluded from reinnerva¬ 
tion to direct regenerating axons toward the anterior divi¬ 
sion of the axillary nerve, which innervâtes the anterior and 
middle deltoid. 9 Ideally, in nerve transfer procedures, donor 
and récipient nerve coaptation should be close to the muscle, 
without using an interpositional nerve graft. These donor 
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nerves should be “intelligent,” which means easy to control 
voluntarily, which promotes easier muscle retraining during 
the postoperative period. The best nerve transfers for shoul¬ 
der reconstruction are cranial nerve XI to the suprascapu- 
lar nerve and the triceps branches to the axillary nerve. Any 
triceps branch can be used for axillary nerve neurotization. 
However, in brachial plexus injuries, our preference is to 
utilize the triceps long head or upper médial head branches, 
because these nerves can be dissected through an axillary 
approach. 9 In this regard, triceps to axillary nerve trans¬ 
fers can also be performed via a posterior arm approach. 
However, in brachial plexus injuries, the axillary approach 
offers advantages, because it is easier to identify the teres 
minor branch, and easier to concomitantly repair elbow flex¬ 
ion through a hidden scar. In isolated injuries of the axil¬ 
lary nerve, the posterior approach is préférable, because the 
lésion involving the axillary nerve may extend into the quad- 
rangular space. 

PREOPERATIVE EXAMINATION 

The presence of a Tinel sign over the C5 root is important to 
document a viable root for grafting. Shoulder shrugging and 
scapular retraction should be tested to confirm the integrity 
of the entire accessory nerve. The triceps should be tested 
for normality. To be considered as a donor for transfer, the 
triceps should score at least M4, as per the British Medical 
Council Classification System. 10 In general, triceps strength 
is approximately 8 kg; however, even a muscle scoring 3 kg 
may be used as a donor for transfer, provided that more 
than 1 triceps branch is determined intraoperatively to be 
functional by electrical stimulation. This muscle will recover 
strength postoperatively. 

In our opinion, electrophysiological examination and 
MRI hâve limited utility in the évaluation of brachial 
plexus injuries. Electrophysiological investigations can- 
not differentiate an axonotmetic lésion that will recuper- 
ate spontaneously from a neurotometic in jury that requires 
surgery. 11 Moreover, even when electromyograms indicate 
reinnervation, the final muscle strength may be negligi- 
ble. 12 Finally, imprécision in needle placement and diffuse 
recordings from needles are potential sources of error. 
Electrophysiological investigations hâve not influenced our 
surgical plans and, hence, are no longer routinely requested 
in our department. MRI can access the brachial plexus 
extradurally, but provides poor définition of the intradural 
portion of the C5 and C6 roots. 13 Extradural exploration of 
a brachial plexus lésion by MRI is of limited interest because 
this can be directly and more precisely explored by the sur¬ 
geon with direct intraoperative electrophysiological studies. 
A CT tomographie myelography is our preferred method 
of évaluation because it can détermine the intradural sta¬ 
tus of those roots that cannot be accessed during surgery 
without a laminectomy. For the upper roots, the accuracy of 
CT tomographie myelography, as demonstrated followinga 
laminectomy, is roughly 90%. 13 


INDICATIONS 

Prior to undertaking surgery, it is common practice to 
wait at least 3 months to see if spontaneous régénération 
will take place. Preferentially, surgery should be performed 
within 6 months of trauma. However, good outcomes can be 
expected for up to 1 year. The younger the patient, the lon¬ 
ger post in jury a distal nerve transfer can be employed. Past 
1 year after an accident, we avoid root grafting and perform 
only distal nerve transfers. We hâve reinnervated the biceps 
muscle using distal nerve transfers in young patients (ie, less 
than 25 years old) up to 18 months after trauma. However, 
in long-standing lésions, we are more reluctant to section the 
accessory nerve for transfer because in such circumstances 
we denervate the lower trapezius, which is a potential muscle 
for transfer for external rotation reconstruction. 14 From a 
practical point of view, for adults requiring shoulder recon¬ 
struction, we consider 12 months from injury to be the upper 
limit for nerve surgery. 

CONTRAINDICATIONS 

If the accessory nerve is paralyzed, it cannot be used for trans¬ 
fer. The site of paralysis should be determined with regards 
to the sternocleidomastoid muscle. In the supine position, 
neck flexion against résistance highlights contractions of the 
sternocleidomastoid muscle (Figs. 54-1 and 54-2). Patients 
with paralysis of the accessory nerve should hâve this nerve 
reconstructed using a platysma motor nerve transfer if t he 
lésion is proximal to the sternocleidomastoid muscle. 15 If the 
lésion is distal to the sternocleidomastoid muscle, the acces¬ 
sory nerve should be grafted. If, during preoperative exami¬ 
nation, shoulder shrugging is absent, but intraoperatively 
the nerve responds to electrical stimulation, the accessory 
nerve can be used for transfer because this is a regenerating 
nerve that will recover (Fig. 54-3). If the triceps is paralyzed 
or weak, there is no potential to use 1 of its branches. If com- 
pletely paralyzed, elbow extension should be reconstructed. 

SURGICAL TECHNIQUE 

Patients are operated upon in the supine position with their 
head turned toward the contralatéral side, while under gen¬ 
eral anesthésia without muscle relaxants. Délicate instru¬ 
ments are used, together with bipolar coagulation. We 
perform nerve coaptation using micro-instruments and 9-0 
or 8-0 monofilament nylon sutures under the microscope. 
Sutures provide a stronger repair than fibrin glue alone. 

Brachial Plexus Exploration 

Before incision, a solution of adrénaline 1:200,000 is injected 
into the skin. The C5 and C6 roots of the brachial plexus 
are explored through a 6-cm long incision centered over 
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FIGURE 54-1 Schematic représentation of the branches of the accessory nerve (XI). In the neck, the first branch of the accessory nerve is to the 
sternocleidomastoid muscle (SB). Then, after emerging beneath the SB, in the supraclavicular région the accessory nerve innervâtes the upper trapezius 
muscle and more distally innervâtes the middle and lower trapezius portions. 



FIGURE 54-2 Clinical testing of sternocleidomastoid function by asking the patient to flex his/her neck against résistance. Contraction of the sterno¬ 
cleidomastoid muscle can be readily recognized. 
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Shoulder shrugging 


Scapular retraction 


FIGURE 54-3 Clinical testing for upper trapezius function by resisting shoulder shrugging. The middle and lower trapezius portions are tested by 
resisting scapular retraction and palpation of the trapezius muscle. 


Chassaignac tubercle (Fig. 54-4). The C5 root is dissected 
médial to the phrenic nerve to check for continuity and to 
perform nerve trimming inside a healthy zone. The root is 
eligible for grafting only when, after sectioning, a fascicular 
pattern is identified, and only after preoperative CT scans 
hâve confrrmed intradural root integrity. The anterior and 
posterior divisions of the upper trunk are dissected through 
the same distal incision used to repair the suprascapular 
nerve (Fig. 54-2). This is a vertical incision over the trape¬ 
zius muscle and the distal third of the clavicle. Sural nerves 
are removed and used as grafts. 

Suprascapular Nerve Exposure 

The latéral limit of the brachial plexus is palpated within 
the supraclavicular région. A point is marked at which the 
brachial plexus crosses the clavicle, and then a line over this 
point and over a point 3 cm proximal to the clavicle on the 
anterior margin of the trapezius muscle is drawn (Fig. 54-5). 
The skin is incised, the subcutaneous tissue divided, and the 
omohyoid muscle identified and sectioned. The latéral limit 
of the brachial plexus is visualized, and the suprascapular 
nerve is individualized as the sole branch emerging from the 
brachial plexus in this location (Fig. 54-6). The suprascapu¬ 
lar nerve is dissected proximally, and then sectioned. 

At the anterior margin of the trapezius muscle, the deep 
cervical fascia is separated from the trapezius muscle 3 to 


4 cm proximal to the clavicle. The deep cervical fascia and the 
trapezius muscles are retracted, like book pages. The acces- 
sory nerve is individualized within the deep cervical fascia. 
Three to 4 cm proximal to the clavicle, the accessory nerve 
is more superficial and, therefore, easily recognized. Motor 
branches entering the trapezius muscle confirm the nerves 



FIGURE 54-4 Reconstruction of an upper-type lésion of the left 
brachial plexus. Sural nerve grafts connected the C5 and C6 roots to 
the anterior (AD) and posterior divisions (PD) of the upper trunk. The 
accessory nerve (XI) was connected to the suprascapular (S) nerve. 
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FIGURE 54-5 On the left, détermination of the point at which the brachial plexus crosses the clavicle, a point used to design the incision to transfer 
the accessory to the suprascapular nerve. At center, design of the surgical incision to transfer the accessory to the suprascapular nerve (B). On the right, 
the extended incision for exposure of the suprascapular nerve. (A) Incision to explore the upper roots of the brachial plexus. (C) Clavicle. 


identity. Before severing the accessory nerve, it is electrically 
stimulated to assess its functional integrity. The accessory 
nerve is divided, as distal as needed, to ensure direct coapta¬ 
tion to the suprascapular nerve (Fig. 54-4). 

Extended Exposure of the 
Suprascapular Nerve 

More extensive exposure to the suprascapular nerve is 
required under the following circumstances: (a) the supra¬ 
scapular nerve cannot be identified through the proximal 
incision because the plexus has moveddistally following trac¬ 
tion and the nerve origin is under the clavicle; (b) the région 
of emergence of the suprascapular nerve is scarred follow¬ 
ing in jury or previous surgery to repair a clavicular fracture; 
(c) a healthy distal stump of the suprascapular nerve is not 
obtained at its emergence from the brachial plexus; or (d) the 
suprascapular nerve must be evaluated to rule out a double 
lésion following scapular neck fracture. The patient is placed 
in the supine position and the head of the operating table 



FIGURE 54-6 Intraoperative view of the suprascapular (SN) and acces¬ 
sory nerves (AN) dissected with an oblique supraclavicular incision. 


is elevated to 45°. Supports are placed under the patients 
shoulder. A zigzag incision over the anterior border of the 
trapezius muscle and acromion is created as a prolongation 
from the previous oblique incision (Fig. 54-5). The skin and 
subcutaneous tissue are incised, the deep cervical fascia over 
the trapezius muscles anterior border divided, and t he tra¬ 
pezius muscle is dissected off the clavicle and acromion. The 
suprascapular vessels are isolated; then the scapular notch is 
identified. For this, the surgeons index finger is introduced 
to the anterior side of the scapula and moved from médial 
to latéral. The finger stops at the base of the coracoid pro- 
cess, which is the site of the scapular notch, located almost 
directly under the clavicle. With the help of a surgical clamp, 
the scapular notch is located and the suprascapular liga¬ 
ment divided. Alternatively, the suprascapular nerve first is 
identified after the suprascapular fossae and the ligament 
divided afterwards, or nerve coaptation is performed dis¬ 
tal to the scapular notch (Figs. 54-7 and 54-8). Dissection 
of the suprascapular nerve is performed posterior to the 



FIGURE 54-7 Intraoperative view of extended exposure of t he supra¬ 
scapular nerve (SN). The trapezius muscle was detached from the clav¬ 
icle. In the inset, note direct coaptation of the accessory nerve (XI) with 
the suprascapular nerve near the supraspinatus muscle (SM) entry point. 
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FIGURE 54-8 Intraoperative view after an extended approach to the 
suprascapular nerve (SN), which was injured following fracture and 
plating of the clavicle. SM, supraspinatus muscle; SNo, suprascapular 
notch. 


suprascapular vessels, which are preserved. After divid- 
ing the suprascapular ligament, the branches of the supra¬ 
scapular nerve are dissected and inspected for continuity. 
The branch for the acromiociavicular joint, which originates 
at the scapular notch, is divided. The suprascapular nerve 
is tracked proximally, and then sectioned. Frequently, the 
région under the clavicle is scarred and we do not dissect it, 
just moving directly to the suprascapular fossa. We separate 
the supraspinatus muscle from the scapula and identify its 
proximal branch, which is then foliowed proximally. Because 
the trapezius has been detached from the clavicle, the acces- 
sory nerve can be dissected very distally and, hence, the dis¬ 
tal stump of the accessory nerve can be connected directly 
to the suprascapular nerve within the suprascapular fossa 
(Figs. 54-7 and 54-8). Finally, the trapezius muscle is rein- 
serted with sutures. 


Posterior Approach to the 
Suprascapular Nerve 

The suprascapular and accessory nerves can be approached 
posteriorly after detaching the trapezius from the spine of 
the scapula. 16 Flowever, we do not see any advantage to this 
method, which we hâve used in the past and since aban- 
doned. 17 The distance from the suprascapular nerve to the 
surface is almost 10 cm, which makes dissection difficult. In 
the presence of scarring, lésions of the suprascapular vessels 
are possible and coagulation of these vessels may damage the 
suprascapular nerve. Finally, the patient generally must be 
positioned in a prone or latéral position, which prolongs sur- 
gery dramatically. 

The extended anterior approach allows for nerve coapta¬ 
tion to be performed as closely as needed to the supraspina¬ 
tus muscle (Fig. 54-7). Hence, there is no advantage of the 
posterior approach. Bhandari and Deb 18 pointed out that, 


after using the posterior approach, 1 advantage is greater 
préservation of trapezius function because more proximal 
branches do not need to be sectioned. After using the ante¬ 
rior approach, they identified muscle weakness of the trape¬ 
zius in 16 of their 21 patients. When exploring the accessory 
nerve distally, as we proposed, via the anterior approach, 
ail the important branches to the upper trapezius are pre¬ 
served. Hence, we hâve never observed trapezius function 
downgrading in our cases. Also, even after extended expo- 
sure, upper trapezius strength is maintained after surgery. 19 
Of importance is that, in 3 of their 14 patients, Bhandari and 
Deb 18 could not dissect the suprascapular nerve via the pos¬ 
terior approach, so that their patients ultimately had to be 
operated upon via the anterior approach. In our opinion, in 
the presence of fractures of the clavicle or scapula, the pos¬ 
terior approach is risky because of the potential for vascular 
injury. 


Surgical Technique for Transferring 
the Triceps Branch to the Axillary 
Nerve in the Axilla 

The axillary incision is V-shaped with extension over the 
médial arm, which allows us to reconstruct elbow flexion. 
The vertex of the V is positioned over the latissimus dorsi 
tendon (Figs. 54-9 and 54-10). After skin incision and sub- 
cutaneous division, the tendon of the latissimus dorsi muscle 
is located and exposed completely. After visualization of its 
médial margin, the humerai head is palpated and the axil¬ 
lary nerve identified by palpation. The posterior circumflex 
humerai vessels are visualized and the axillary nerve is dis¬ 
sected. A retractor is placed on the tendon of the latissimus 



FIGURE 54-9 Incision and intraoperative view of the axillary approach 
for transfer of triceps motor branches to the axillary nerve. In the inset, 
the line drawn represents the skin incision. The vertex of the “V” incision 
is over the latissimus dorsi tendon (TD). 
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FIGURE 54-10 Intraoperative view of a triceps to axillary nerve trans¬ 
fer via a right axillary approach. Triceps motor branches will be sec- 
tioned distally, whereas the axillary nerve will be s ectioned proximally. 
Triceps branches will be flipped proximally, while the axillary nerve 
will be flipped distally. The cutaneous branch and the posterior deltoid 
branches should be excluded from the reinnervation process. 


dorsi tendon, which is retracted laterally, thereby exposing 
the quadrangular space. The anterior and posterior divisions 
of the axillary nerve are identified, together with the branch 
to the teres minor. The anterior division and the teres minor 
motor branches are ligatured, sectioned, and flipped distally. 
Anterior to the latissimus dorsi tendon, the radial nerve is 
identified together with the branches to the long and médial 
heads, which occupy an anterior and inferior position on 
the radial nerve. Electrical stimulation helps to identify the 
nerve. Alternatively, the triceps branches are identified at the 
muscle entry point and tracked proximally. Both the triceps 
long head and upper médial head motor branches are stim- 
ulated to check for integrity. If, preoperatively, the triceps 
strength is near normal or at least 6 to 7 kg, both branches 
can be used for transfer. In this situation, the trunk of the 
radial nerve is stimulated to check that the lower branch to 
the triceps médial head and anconeus muscle is functional. 
If triceps strength is not normal, o nly 1 of these branches, in 
general the triceps long head, is used as a donor. The triceps 
branches are sectioned distally and flipped proximally to be 
coaptated with the axillary nerve branches. After skin clo- 
sure, ail the incisions are infiltrated with a s olution of local 
anesthetic for postoperative pain control. Postoperatively, 
only a sling is used for 1 week to 10 days. 


COMPLICATIONS 

We experienced no complications in our sériés. However, 
we should call attention to the possibility of hematoma for¬ 
mation, which should be evacuated immediately and nerve 
coaptation checked for any disruption. Triceps paraly- 
sis is another potential complication and the presence of 


innervation to the triceps médial head or latéral head should 
be documented before harvesting the triceps long head 
motor branch. This should be verified preoperatively on 
clinical examination and intraoperatively using direct elec¬ 
trical stimulation to the radial nerve, distal to the emergence 
of the triceps long head motor branch. 

Nerve coaptation disruption is a serious complication, 
because it will not be detected until months later due to an 
absence of recovery. Hence, nerve coaptation should be ten¬ 
sion free, and length redundant. By the end of surgery, the 
limb should be able to be moved freely and nerve coapta¬ 
tion inspected for disruption. Finally, the arm sling should 
not cross the operated-upon cervical lésion, because surface 
pressure can disrupt nerve coaptation. 


OUTCOMES 

We prospectively studied 37 young adults with C5-C6 bra¬ 
chial plexus palsy who underwent surgical repair an aver¬ 
age of 6.3 months (±1.9 months) after trauma. The average 
âge was 29.1 ± 14.8 years. Ail patients presented with palsy 
of shoulder abduction/external rotation, elbow flexion, and 
forearm supination. None of the patients presented with 
scapular winging. Ail patients had largely retained elbow 
extension strength and exhibited normal hand function. 
In 7 patients, no nerve roots were available for grafting, so 
reconstruction was achieved by transferring the accessory 
nerve to the suprascapular nerve, ulnar nerve fascicles to 
the biceps motor branch, and triceps branches to the axil¬ 
lary nerve (a triple nerve transfer). In 24 patients, C5 nerve 
root grafting to the anterior division of the upper trunk was 
combined with triple nerve transfer. In 6 patients, the C5-C6 
nerve roots were grafted to the anterior and posterior divi¬ 
sions of the upper trunk, the accessory nerve was transferred 
to the suprascapular nerve, and ulnar nerve fascicles were 
connected to the biceps motor branch. The range of shoul¬ 
der abduction/external rotation recovery and elbow flexion 
strength were evaluated between 24 and 26 months after 
surgery. Both full abduction and full external rotation of the 
shoulder were restored in 1 of the 7 patients in the C5 and C6 
nerve root avulsion group, in 14 of 21 patients who received 
C5 nerve root grafting, and in 2 of 6 patients in the C5-C6 
nerve root graft group. AU patients recovered full range of 
elbow flexion and forearm supination. The average percent- 
ages of elbow flexion strength recovery, relative to the normal, 
contralatéral side, were 27%, 43%, and 59% for the C5-C6 
nerve root avulsion, C5 nerve root graft, and C5-C6 nerve 
root graft groups, respectively. Recovery of external rotation 
was greater among patients who had received a triceps to 
axillary nerve transfer, but there was no significant différ¬ 
ence in the range of abduction recovered. Overall 66% of our 
patients recovered full abduction and external rotation, s cor¬ 
ing M4 (Fig. 54-11). On average, the range of abduction was 
143° (±40°) and external rotation was 126° (±24°). 2 At final 
évaluation, there was no réduction in the donor-site triceps 
strength compared with preoperative values and no loss in 
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FIGURE 54-11 Postoperative results 24 months after brachial plexus grafting and shoulder motion reconstruction by accessory nerve transfer 
to the suprascapular nerve and triceps motor branch transfers to the axillary nerve. Fascicles of the ulnar nerve were transferred to the biceps 
motor branch. 


pinch or grip strength. Patients with injuries that were ame- 
nable to reconstruction with both root grafting and nerve 
transfers had the best function. Our results call attention to 
the fact that not only is reinnervation of the prime movers 
of a given joint important, but secondary movers or joint 


stabilizers also may hâve a determining rôle in the success 
of motion, particularly if strength is required. These results 
suggest that the combined use of nerve transfers and root 
grafting may enhance outcomes in the reconstruction of 
C5-C6 injuries of the brachial plexus. 
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Management of Traumatic 
Bone Loss in the Hand* 

Elliot S. Mendelsohn, MD 
Soheil Najibi, MD, PhD 
David J. Slutsky, MD 



In 1947, Littler described the fondamental principles of 
reconstruction in traumatic metacarpal bone loss: “Severe 
injuries of the hand are frequently complicated by mas¬ 
sive metacarpal defects, which can be corrected only by 
bone-grafting... the general principles obtaining for grafts 
of the larger bones are also applicable to grafts of the meta- 
carpals.” 1 In many instances, the fondamental principles of 
bone reconstruction can be applied to the hand. Gustilo type 
3 open fractures of the hand resulting from high-energy 
trauma often in volve segmentai bone loss with extensive soft 
tissue damage. Freeland étal hâve emphasized the benefits of 
early bone grafting include faster bony union, less soft tissue 
contracture, and earlier mobilization that ultimately leads 
to better hand fonction. 2 Intramedullary nails embedded in 
antibiotic-impregnated cernent hâve been commonly used 
for the treatment of infected tibia nommions. 3 Antibiotic- 
impregnated cernent spacers hâve been similarly used for 
bone defects and infected nonunions of the upper extrem- 
ity. 4,5 The antibiotic-impregnated cernent allows for the local 
delivery of a high concentration of antibiotics while main- 
taining a normal soft tissue tension, and creating a space that 
can be bone grafted. The intramedullary nail fonctions as 
a load-sharing device. This composite implant can be used 
on a temporary basis until definitive bone grafting and bony 
stabilization can be performed. 

INDICATIONS 

Primary bone grafting and rigid internai fixation is indicated 
in metacarpal and phalangeal fractures with significant bone 
loss such as gunshot wounds, saw injuries, severe crush inju¬ 
ries, and foliowing debridement of infected bone. 2,6-10 This 
can also be combined with immédiate soft tissue recon¬ 
struction. 11 The use of an antibiotic-impregnated cernent 
intramedullary nail is indicated as a temporary spacer in an 
infected diaphyseal fracture of the metacarpal or phalanx 


with a significant bone defect. The cernent spacer fills the 
dead space and créâtes a membrane-lined space devoid of 
soft tissue that can be filled with a structural bone graft 
and allows for elution of high concentrations of antibiotics. 
Those patients presenting with infected nonunions are also 
candidates. 

CONTRAINDICATIONS 

A staged reconstruction should be performed if a radi¬ 
cal debridement and adéquate soft tissue coverage of the 
bone cannot be achieved. Persistent infection is a contra- 
indication to immédiate bone grafting and plate fixation. 
Intramedullary fixation is not suitable in the face of marked 
rotational instability, although Bach et al hâve described the 
use of an intramedullary implant with interlocking screws 
for metacarpal fractures. 10 Vancomycin-impregnated cernent 
should not be used in patients with an allergy to vancomycin. 

SURGICAL TECHNIQUE 

The original wound will détermine the operative approach 
that is enlarged through extensile incisions. Care is taken to 
avoid Crossing flexion creases at right angles. The wound is 
debrided starting at the periphery out of the zone of in jury, 
to identiiy a clear plane between the injured and noninjured 
tissues. Small bony fragments that provide no structural 
support are excised, whereas bony fragments with viable 
periosteum or attached articular cartilage are left in place. 8 
Traction on the finger and stretching the soft tissue out to 
length in the acute situation will allow one to détermine the 
size of the bony defect. Although temporary external fixation 
may be used with a temporary spacer to eliminate any dead 
space (Fig. 55-1A-G), rigid fixation with a bridging plate is 
preferred. Lag screws or K-wires with tension band fixation 


*Conflicts of interest and sources of funding: None of the authors hâve any conflicts of interest to déclaré relevant to this subject. There are no external sources 
of funding to report. 
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FIGURE 55-1 A. A 28-year-old male with low-velocity gunshot wound. B. A 4-cm segmentai bone loss and shortening in a third metacarpal 
diaphyseal fracture. C. External Fixator with antibiotic beads. D. VAC sponge. E. Antibiotic-impregnated cernent intramedulllary nails. F. Immédiate 
postoperative radiograph. G. Fracture union with antibiotic-impregnated cernent nail and onlay bone graft. 


should be used whenever possible to provide additional 
compression. Structural bone graft harvested from the iliac 
crest is inserted into the defect and held with cerclage wires 
or unicortical screws inserted through a plate (Fig. 55-2 A-F). 
A minicondylar plate is ideally suited for periarticular frac¬ 
tures (Fig. 55-3A-C). Enhanced stability and bony contact 
can also be achieved using step-cut interlocking ostéotomies 
between the bone graft and the récipient phalangeal or meta¬ 
carpal bones, or by shaping the distal ends of the bone graft 
into pegs that are inserted into the intramedullary canals. 
Alternatively cancellous bone graft can be compacted using a 
10-cm 3 syringe and inserted into the defect (Fig. 55-4A-C). A 
longitudinal intramedullary 0.062-in Kirschner wire may be 
used to provide supplementary fixation (Fig. 55-2F). Once 
bony fixation is achieved, any neurovascular repairs and 


tendon repair or tendon transfers are performed foliowed 
by immédiate soft tissue coverage. Primary wound closure 
under minimal tension with well-vascularized tissue must be 
achieved in ail cases. In some cases a wound VAC may be 
used (Fig. 55-1D) instead of pedicled flaps (Fig. 55-2E) or 
free tissue transfer. 

A review of the literature would suggest that success- 
ful primary bone grafting requires a clean wound with a 
meticulous debridement, good blood supply, adéquate fixa¬ 
tion, and secure soft tissue cover. 2,6 " 10 If these conditions are 
not met, bone grafting should be staged until the soft tis¬ 
sue envelope is ready. Antibiotic cernent spacers maybe an 
alternative technique that can be used to maintain soft tissue 
tension, provide high levels of local antibiotic concentration 
in contaminated wound beds, and create a membrane-lined 
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FIGURE 55-2 A. A 26-year-old male with low-velocity 
gunshot wound. B. Segmentai bone loss of fourth meta- 
carpaldiaphyseal fracture. C. A 3-cm segmentai bone loss, 
extensor indicis proprius tendon transfer. D. Interposed 
iliac crest graft and plate fixation. E. Pedicled radial 
forearm flap of soft tissue coverage. F. Intraoperative 
fluoroscopie image demonstrating internai fixation plus 
supplémentai intramedullary Kirschner wire. Note how 
the plate spans the CMC joint to improve the fixation of 
a short proximal metacarpal stump. 
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FIGURE 55-3 A. Crush injury of middle phalanx. B. Restoration of phalangeal length with a minicondylar blade plate. C. Interposition bone graft 
held with cerclage wiring and 1-mm screw. 





FIGURE 55-4 A and B. Loss of proximal half of middle phalanx. C. End resuit following compressed cancellous bone graft. 
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cavity devoid of soft tissue when grafting is deferred. In 
cases of infection, antibiotic cernent combined with an 
intramedullary Steinmann pin is a useful construct that 
can be used as an antibacterial bone spacer. The materials 
required include a 28-French chest tube, a 3-mm threaded 
Steinmann pin, cernent gun, and antibiotics. The size of the 
bone defect in the metacarpal is measured. A 28-French 
chest tube that has an inner diameter of 9.3 mm approxi- 
mates the midshaft diameter of the metacarpals. The flare 
of the chest tube is eut off and it is eut to the appropriate 
length. Chest tubes and pins of various sizes are made to 
allow for more accurate sizing and optimal restoration of 
soft tissue tension in situ. One half of a package of poly- 
methylmethacrylate (PMMA) bone cernent (40 g), two 
1.2-g vials of tobramycin, and two 1-g vials of vancomycin 
are mixed. It is important to restrict the amount of cernent 
used to achieve the appropriate level of viscosity. The liq- 
uid monomer is added and mixed using the vacuum mixer. 
Often extra monomer is needed to allow adéquate mixing 
of the Palacos bone cernent (Zimmer, Warsaw, Indiana) 
with the antibiotic powder. This seemingly large amount of 
cernent is necessary to allow for adéquate fill of the cernent 
gun. While the cernent is still viscous, it is transferred to the 
cernent gun. The cernent is pressurized into the precut chest 
tube and the Steinmann pin is passed down the center of 
the chest tube. Once the bone cernent hardens, the polyeth- 
ylene chest tube is eut with a scalpel to peel it from the sur¬ 
face of the smooth hardened bone cernent. The implants are 
trialed to détermine the size with the most appropriate fit 
(Fig. 55-1E). The final antibiotic-impregnated cernent nail 
is screwed into the distal fragment and then impacted into 
the proximal fragment (Fig. 55-1 F). 

COMPLICATIONS 

Significant complications in the management of bone defects 
in metacarpal fractures include tendon and capsular adhe¬ 
sions, malunion, nonunion, and infection. The overall 
complication rate involving management of open fractures 
of the hand can be as high as 11%. In a large review of 140 
open fractures, there were 15 complications (11%). 12 There 
were 6 infected digits, 5 nonunions (3 infected and 2 unin- 
fected), 2 delayed unions, 1 amputation, and 1 case of reflex 
sympathetic dystrophy. Infection and late amputation were 
associated with the initial wound severity. Ail 4 deep infec¬ 
tions occurred in patients with grade IIIB and IIIC open 
fractures. Secondary procedures in open fractures associated 
with significant bone loss include révision grafting, arthrod- 
esis, and amputation. In a sériés of 12 patients with hand 
defects undergoing immédiate autografting, Saint-Cyr et al 
described delayed amputation in 2 patients and PIP fusion 
in a third patient. 8 

Restoration of length is a concern when spanning large 
bony defects in the hand, especially with intramedullary 
fixation. Inadéquate restoration of metacarpal lengthen 
will lead to an extensor lag in cadaveric studies. 13 Clinically, 


hyperextension at the MCP joint may compensate for small 
amounts of shortening. In a sériés of 10 metacarpal frac¬ 
tures treated with locked intramedullary nailing, Bach et al 
reported an average of 1.2 mm of shortening. 10 One patient 
developed an extensor lag at the MCP joint and required 
extensor tenolysis and capsulotomy. The use of fluoroscopy 
can be useful in judging restoration of metacarpal or phalan- 
geal length intraoperatively, particularly in the application of 
intramedullary implants spanning large defects. 

OUTCOMES 

High rates of union with minimal complications hâve been 
reported in the management of bone defects in the hand, 
perhaps a réfection in the évolution in the timing of the 
bone grafting from delayed reconstruction 1,14 to “delayed 
primary grafting” (up to 7-10 days from the in jury) 2,6,7 
and “immédiate grafting” (4-6 hours up to 24 hours post 
injury). 8,9 In one of the earliest reports, Littler recommended 
delayed reconstruction of metacarpals with bone graft 
and advised against internai fixation in the hand, relying 
instead on stability afforded by graft interposition. 1 Rinaldi 
described success with staged autografting up to 2 months 
delayed in 21 cases (with the exception of 1 case of immédi¬ 
ate grafting). 14 Ail cases achieved union, but interprétation 
of the results is limited by the variety of methods of internai 
and external fixation and various forearm and hand bony 
defects as a resuit of trauma and tumor. 

Success with early grafting in oral and maxillofacial 
applications prompted reports of primary grafting in hand 
defects. Freeland et al reported few complications with 
delayed primary bone grafting (performed within 10 days of 
the in jury) in the management of hand and wrist wounds. 2 
Seventeen patients had21 bone graft operations as part of 
the overall delayed primary management of hand and wrist 
wounds. Ail grafts healed with the exception of 1 fibrous 
union at 1 bone graft juncture and few additional complica¬ 
tions (no infections and 1 malunion). In a larger sériés of 
metacarpal fractures with bone loss due to low-velocity gun- 
shot wounds, 40 metacarpal fractures with bone loss and/ 
or comminution were treated with stable internai fixation 
supplemented with primary iliac crest bone grafting between 
1 and 7 days after in jury and ail achieved union. 6 Similarly, 
in a sériés of 28 phalanx fractures due to low-velocity gun- 
shot wounds, ail 20 treated with internai fixation and iliac 
crest bone grafting within 1 week achieved union. 7 Sundine 
and Scheker compared a sériés of 7 patients who underwent 
staged reconstruction with 7 patients who had immédiate 
reconstruction (within 24 hours of the initial in jury) involv¬ 
ing complex dorsal hand lésions requiring bone and tendon 
reconstruction and flap coverage. 11 Patients with immédiate 
reconstruction had significantly fewer operations (2.1 com¬ 
pared with 5.9, P = .002) and a significantly faster return to 
maximum range of movement (214 days compared with 
630 days, P = .002) than patients with staged reconstruction. 
In addition, patients undergoing immédiate grafting trended 
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toward a greater chance of returning to work (86% compared 
with 48.2%, P = .3). High rates of union hâve been reported 
in 3 cases of autografting in the hand as soon as 4 to 6 hours 
of in jury. 9 According to Stahl et al, immédiate restoration of 
normal bone length provides optimal circulation b y improv- 
ing venous and lymphatic return thereby reducing local 
edema of soft tissues, and éliminâtes dead space thereby pre- 
cluding potential infection. 

More recent literature substantiates the results ofthese ear- 
lier sériés with high union rates and function reported after 
immédiate grafting. In a review of 12 type III open fractures 
of the hand with segmentai bone loss treated with immédi¬ 
ate bone grafting (within 24 hours of in jury), Saint-Cyr et al 
reported a final union rate of 92%, infection rate of 0%, and 
mean time to return to regular work duty of 5 months and 
21 days. 8 In a review of 10 metacarpal fractures with bone 
defects treated with locked intramedullary nailing, 9 out of 10 
fractures treated with p rimary bone grafting achieved union. 10 
The 1 nonunion was a fracture with a large bone defect that 
did not undergo primary grafting. After delayed grafting a nd 
révision of the internai fixation, union was achieved. 
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osteoarthrosis, preoperative CT 
scans, 507/ 
outcomes, 506-507 
rationale/basic science pertinent, 501 
surgical technique, 501 
portai placement, 502-505 
ulnar nerve, 506/ 

Elbow dislocations, simple 
anteroposterior, 497/ 
drop sign, 495/ 
epidemiology/mechanism, of 
in jury, 493 
complications, 496 
contraindications, 495 
indications, 495 
outcomes, 496-499 
réhabilitation, 496 
surgical technique, 495-496 
lateral/medial/collateral ligaments, 
anatomy of, 494/ 

LCL deficiency, overhead réhabilitation 
protocol, 498/ 

management algorithm, 499 f 
rationale/basic science, 493 
Elbow extension, 531 
Elbow flexion restoration, 601, 606 
biceps branch, séparation of, 605/ 
biceps muscle, élévation of, 604/ 
brachialis lies approximately, 606/ 
complications, 607 
contraindications, 601 
double fascicular transfer, 606/ 607 
indications, 601 

median/ulnar nerves, identification/ 
dissection, 604/ 
musculocutaneous nerve 
anatomy of, 602/ 
branching patterns of, 603/ 
location/identification of, 604/ 
outcomes, 607 

postoperative réhabilitation, 606-607 
relevant anatomy, 601-602 
stab wound, to left supraclavicular 
area, 607/ 

surgical incision, 603/ 
surgical technique, 602-606 
ulnar nerve transfer, donor fascicle 
of, 605/ 

Elbow fractures. See Fractures, elbow 
Elbow instability, 487-490 
Elbow instability, management 

anterior capsule, hematoma/tearing 
of, 515/ 

basic science, 509 
distal latéral épicondyle, 516/ 
dual mattress sutures, 514/ 
flexor pronator split, 514/ 
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Elbow instability, management ( Cont’d .) 
history of, 509 
humerai tunnel, 515/ 
humérus, graft being positioned, 519/ 
latéral and posterior latéral capsule, 516/ 
latéral capsule from dislocation, 516/ 
médial épicondyle, 513/ 

MUCL, anatomy, 509-619 
collateral ligaments, mechanical 
properties of, 509 
contraindications, 513 
examination, 511 
hyperpronation test, 511 
hypersupination test, 512 
latéral pivot shift test, 511-512 
milking maneuver, 511 
PLRI, imaging studies for, 512 
postérolatéral drawer test, 512 
radioulnohumeral ligament (RUHL), 
510-511 

reverse pivot shift test, 512 
surgery, indications, 512-513 
latéral repair, 512-513 
médial instability, 512 
surgical technique, 513 
valgus extension overload test, 511 
valgus stress test, 511 
MUCL reconstruction, 514 
arthroscopic latéral, 515-517 
arthroscopic plication, 517-518 
graft in place, 515/ 
open latéral reconstruction 
technique, 518 

postérolatéral repair, 515-517 
réhabilitation after latéral repairs, 518 
MUCL repair, tulane technique, 513 
PLRI, pathognomonic, 517/ 
rétrogradé retriever, 518/ 

RUHL complex, first suture 
spanning, 518/ 

RUHL prior, sutures, 516/ 

RUHL repair, anterior view, 517/ 

Smith/Altchek, flexor pronator 
approach, 514/ 

spinal needle, placement of, 517/ 
ulnar tunnels, 515/ 

Elbow mobilization, 595 
Electromyography, 90 
Electromyography demonstrates axonal 
degeneration, 592 
Elsorïs test, 143 

Endoscopie carpal tunnel release 
(ECTR), 315 

End-to-side anastomosis, 111 
Epineurial nerve repair, 92 
Epineurotomy, 588 
Erb’s point, 695 

Essex-Lopresti in jury, 473, 522 
Essex-Lopresti lésion, 459 
Extended carpal tunnel incision, 119 


Extensile approach, 71 

Extension osteotomy, 80 

Extensor apparatus, 72 

Extensor carpi radialis brevis (ECRB), 339 

Extensor carpi radialis longus (ECRL), 

266, 339 

Extensor carpi ulnaris subsheath 
(ECUS), 219 

Extensor carpi ulnaris (ECU) tendon, 219, 

387.439.471.609 
radial strip of, 421/ 
schematic illustration, 421/ 
stabilization, 420 

Extensor digiti minimi (EDM), 220, 341, 
408,435 

Extensor digitorum communis (EDC) 
tendon, 16, 220, 339, 609 
Extensor indicis proprius (EIP), 177, 

595.609 

Extensor pollicis brevis (EPB), 36, 266 
Extensor pollicis longus (EPL) tendon, 38, 
177,210,219, 260,331,609 
Extensor tendon adhesions, 58 
Extensor tendon injuries, 142 
Extensor tendon rupture, 64 
External fixators, 6 
for open fractures, 10 
Extra-articular metacarpal fractures, 18 
Extra-articular ostéotomies, 57 

F 

Failed distal ulnar resection 
complications, 426 
contraindications, 425 
indications, 425 
outcomes, 426 
surgical technique, 425-426 
Fascial flaps, 301 
Fascial free flaps, 562 
Fascicles, motor/sensory groups of, 100 
Fernandez point score System, 376 
Fibronectin, 97 
Fibro-osseous canal, 129 
Fibro-osseous tunnel, 105 
Fibrous scar tissue, 268 
Fibula, blood supply, 573 
Fibula exposure, 577 
Fibular donor site, anatomy, 573 
Ficat classification, 188 
Finger 

carpometacarpal (CMC) joint, 21-22 
anatomy of, 21 

general considérations of, 21, 22/-23/ 
outcomes/complications of, 22 
treatment/surgical technique of, 
21-22, 23/ 
dislocations of, 21-31 
distal interphalangeal joint 
anatomy of, 30 
general considérations of, 31 


outcomes/complications of, 31 
treatment/surgical technique of, 31 
metacarpophalangeal (MCP) joint, 25-26 
anatomy of, 25 

general considérations of, 25-26, 25/ 
outcomes/complications of, 26 
treatment/surgical technique of, 26 
First dorsal interosseous (FDI) muscle, 
161,592 

First dorsal metacarpal artery (FDM A) 
flap, 38, 157, 160-162 
anatomy, 160-161,161/ 
contraindications, 161 
indications, 161 
surgical technique, 161-162 
complications, 162 
island flaps, 162,162/ 
outcomes, 162 
pedicled flap, 161-162 
Fixation technique, 13 
Fixator loosening, 339 
Flap perfusion, 301 

Flexor carpi radialis (FCR) tendon, 24, 

81,101, 163, 209,219, 258, 299, 
346, 361, 372, 601 
Flexor carpi ulnaris (FCU) 
muscle, 98, 299, 315, 323,400,466, 561, 
591,601 
tendon, 441 

Flexor digitorum profundus (FDP) 
muscles, 101, 323 

Flexor digitorum sublimus (FDS) arch, 
587, 609 

Flexor digitorum superficialis, 101,167,325 
Flexor muscles, 105 

Flexor pollicis longus (FPL) tendon, 26, 
101,129,176 
Flexor repairs, 131 
Flexor retinaculum (FR), 311 
Flexor tendons, 26, 129, 130,190 
grafting, 138 

repair/reconstruction, 129-139 
anatomy, 129,130/ 131/ 
complications, 137-138 
diagnosis, 130-131 
extensor, 172 
indications, 131 
later flexor tendon injuries, 
treatmentof, 138-139 
outcomes, 139 
outcomes, 135-137 
surgical technique, 131-132, 

132/ 133/ 

therapy, 135,137/ 137f 
zone 1 injuries, 132,134/ 
zone 2 injuries, 132, 134/-135/ 
zone 3, 4, 5 injuries, 132-135, 136/ 
Fluoroscopically assisted (FA) 
pinning, 245 
Fluoroscopy, 34 
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Forearm fractures, 453 
anterior Henry approach, to 
radius, 456/ 

autologous cancellous bone graft, 

X-ray, 460/ 

contraindications, 453-454 
diaphyseal both-bone forearm fracture, 
fixation of, 457/ 

diaphyseal radius fractures, with/ 
without DRUJ dislocation 
Galeazzi fracture-dislocation, 457 
surgical technique, 458-459 
diaphyseal ulnar fracture 
external fixator, 455/ 
forearm, x-rays of, 454/, 455/ 
dislocation of, 461 
distal third forearm, cross-sectional 
view of, 454/ 

Essex-Lopresti fractures, 459 
complications, 459-460 
outcomes, 460-462 
Galeazzi fracture, X-ray, 458/ 

Henry approach, 457/ 
indications, 453 
intraoperative X-rays, 457/ 

Monteggia fracture, 459 
Monteggia fracture, X-ray, 459/ 
rationale/basic science, 453 
surgical techniques, 454 
both-bone forearm fracture, 454-457 
isolated ulnar fracture, 454 
Forearm, ulnar-most superficial flexor, 563 
Fouchervenousflow-through flap, 174 
Foveal tear, diagnosis, 237 
Fracture réduction, 260 
Fractures, elbow, 465 

arthroscopic coronoid fixation, 488/ 
arthroscopic fracture fixation, basic 
principles, 465 

arthroscopy, authors’ preferred patient 
positioning, 466/ 
capitellar fractures, 474 

arthroscopic suture fixation of, 

478/ 479/ 

capitellar fragments, arthroscopic 
suture fixation, 477-480 
capitellum, arthroscopic screw 
fixation, 476-477 
classification, 474 
complications, 480 
indications, 474-475 
open réduction internai fixation, 
surgical technique for, 475-476 
réhabilitation, 480 
capitellum ORIF, 475/ 
coronoid fractures 
anteromedial coronoid fractures, 
486-487 

arthroscopic fixation, 487 
classification, 484 


fixation, 485/ 
indications, 484 
surgical technique 

internai fixation of, 484-485 
suture lasso, 485 
distal humérus 

arthroscopic fixation of, 469/ 470/ 
complications, 469-470 
indications, 465-466 
open réduction internai fixation, 467/ 
surgical technique of, 466-468 
réhabilitation, 469 
total elbow arthroplasty, in acute 
setting, 468-469 

unicondylar distal humérus fractures, 
arthroscopic-assisted fixation, 468 
monteggia fractures 
classification, 483 
indications, 483 

internai fixation, surgical technique 
for, 483 

réhabilitation, 484 
oblique coronoid fractures, 486/ 
olecranon fractures, 480 
classification, 480 
complications, 483 
indications, 480 

intramedullary fixation, surgical 
technique, 480-481 
plate fixation, surgical technique, 
481-482 

réhabilitation, 483 
tension band fixation, surgical 
technique, 480 

triceps advancement, surgical 
technique, 482-483 
posterior elbow subluxation, terrible 
triad injury, 489/ 
proximal ulnar fracture, 481/ 

AP and latéral radiographs of, 482/ 
radial head arthroplasty, 473/ 
radial head fixation methods, 472/ 
radial head fractures, 470 
complications, 474 
indications, 471 
Mason classification, 471 
open reduction/internal fixation, 
surgical technique of, 471-473 
radial head arthroplasty, surgical 
technique of, 473-474 
réhabilitation, 474 
sag sign, 484/ 

type 2 capitellar fracture, arthroscopic 
fixation of, 476/ 477/ 

Freer elevator, 363 
Freeze-dried muscle, 97 

G 

Galeazzi fracture-dislocation, 457 
Gartland score, 353 


Gartland-Werley rating System, 355 
General anesthésia (GA), 169 
Gigli-type saw, 577 
Glenohumeral dislocations, 634/ 
Glenohumeral joint 
sagittal view, 635/ 
stability, 633 
Glenoid anchors 

arthroscopic shaver, 640/ 
proper placement of, 640/ 

Glenoid bone loss 
arthroscopic probe, 639/ 
graduated arthroscopic probe, 639/ 
Glenoid fractures, 626-628 
complications, 628 
contraindications, 626 
outcomes, 628 

rationale/basic science pertinent 
procedure, 626 
surgical indications, 626 
surgical technique, 626-628 
Glenoid neck 
fracture, 626 
ORIF of, 627/ 

Glenoid surface, three-dimensional 
CT scan, 637/ 

Graft hypertrophy, 584 
Grasping instruments, 653 
Group fascicular suture, 99-100 
Guyon canal, 313, 317, 318, 325 

H 

Hand amputation, 177-178, 177/-180/ 
Hand, extensor tendon injuries 
acute and chronic, 141-148 
complications, 148 
contraindications, 144 
indications, 142-144 
outcomes, 148 

rationale and basic science, 141-142 
anatomy of, 141-142 
biomechanics, 142,143/ 
epidemiology of, 141 
suture configurations, 142 
zones of in jury, 142 
surgical technique, 144-148 
zone I, 144-145 
acute injuries, 144, 144/ 145/ 
chronic injuries, 144, 146/ 
zone II and IV, 146 
acute injuries, 143/ 146 
zone III—central slip, 146 
acute injuries, 146 
chronic injuries, 146, 147/ 
zones VI, VII, VII, IX, 148 
acute injuries, 148 
chronic injuries, 148 
zone V—sagittal band, 146-147 
acute injuries, 146-147 
chronic injuries, 147, 147/ 148/ 
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Hand/finger replantation, 167-180 

contraindications of, 168-169,168/ 169/ 
indications for, 167-168 
outcomes/complications, 178-179 
surgical techniques, 169-178 

approximation of the 2 parts, 170-174 
arterial anastomosis, 174, 174/ 
digital nerve repair, 174 
dorsal vein anastomosis, 172-174 
flexor tendon and extensor tendon 
repair, 172 

osteosynthesis, 172,173/ 
skin coverage/closure, 174 
debridement, labeling, and bone 
shortening, 169-170, 171/ 172/ 
hand amputation, 177-178, 

177/-180/ 

multiple digits, multiple level 
amputation, 175-176 
postoperative monitoring and care, 
174-175 

preoperative measures, 169 
ring avulsion amputation, 175,175/ 
thumb amputation, 176 
thumb avulsion amputation, 176-177 
Hand, soft tissue coverage, 151-166 
cross-finger flap, 152-154 
anatomy, 153 
complications, 154 
contraindications, 153 
indications, 153 
outcomes, 153 

surgical technique, 153,154/ 155/ 
dorsal thumb flaps, 157-160 
anatomy, 157-158, 158/ 
complications, 160 
contraindications, 158 
indications, 158 
outcomes, 160 
surgical technique, 158-160 
dorsoradial thumb flap, 160 
dorsoulnar thumb flap, 

158-159,159/ 

first dorsal metacarpal artery flap, 
160-162 

anatomy, 160-161,161/ 
contraindications, 161 
indications, 161 
surgical technique, 161-162 
complications, 162 
island flaps, 162,162/ 
outcomes, 162 
pedicled flap, 161-162 
Hueston flap, 151-152, 152/ 
anatomy, 151 
complications, 152 
contraindications, 151 
indications, 151 
outcomes, 152 
surgical technique, 152 


pedicled radial forearm flap, 163-165 
anatomy, 163 
complications, 165 
contraindications, 163-165 
indications, 163, 164/ 165/ 
outcomes, 165 
surgical technique, 165 
reversed digital artery flap, 155-157 
anatomy, 155,156/ 
complications, 157 
contraindications, 156 
indications, 155-156,156/ 
outcomes, 157 
surgical technique, 156-157 
Hand/wrist, radial déviation, 403 
Hardware irritation, 483 
Harvest veins, 165 

Head distal radioulnar joint implants, 
partial 

Aptis DRUJ implant, 432/ 

dorsal radioulnar ligaments (DRUL), 430/ 

DRUJ implants, 432 

constrained implants, 432-433 
nonconstrained implants, 433 
partial head implants, 434 
Swanson ulnar head prosthesis, 433 
total head implants, 433-434 
DRUJ wrist prosthesis, 432 f 
forearm joint, 430/ 
hemi-DRUJ prosthesis, rheumatoid 
arthritis, 434/ 

perioperative views of implantation, 
436/-437/ 

juvénile rheumatoid arthritis, 433/ 
Personal outcomes, 435-437 
primary DRUJ OA, AP/lateral view, 434/ 
rationale/basic science, 429 
contraindications, 432 
DRUJ anatomy, 429 
forearm joint, 429-430 
implant, 430 

replacement prerequisites, 431 
salvage procedures, 431-432 
rheumatoid patient wrist, frontal 
radiographs of, 433/ 
surgical technique, 434 
anatomical approach, 435 
partial ulnar head nonconstrained 
DRUJ arthroplasty, 434-435 
postoperative care, 435 
preoperative planning, 435 
ulnotriquetral ligament, 430/ 
wrist, schematic drawing of, 431/ 
Head-neck junction, 524 
Healing, clinical/radiographic signs, 51 
Hemiarthroplasties, 431 
Hemiarthroplasty fracture stem, 431, 621 
bone graft placement in, 625 f 
humerai height for, 624/ 
tuberosity osteosynthesis technique, 625 f 


Hemiresection interposition technique 
(HIT), 419 
complications, 423 
contraindications, 422 
indications, 422 
outcomes, 423 
surgical technique, 422-423 
Hemitrapeziectomy, 84 
Henry exposure, 455 
Herbert-Martin prosthesis, 439 
Herbert screws, 73, 76 
Hétérotopie ossification prévention, 496 
Hill-Sachs deformities, 633 
Hill-Sachs lésion, 634 f 
AP radiograph, 635/ 

Hohman retractors, 372 
Horii ring, 493 
Hueston flap, 151-152, 152/ 
anatomy, 151 
complications, 152 
contraindications, 151 
indications, 151 
outcomes, 152 
surgical technique, 152 
Humerai avulsion of the glenohumeral 
ligament (HAGL) lésion, 633 
médial humerai head characteristic, 635/ 
posterior portai view, 639/ 

Humerai insertion vs. musculotendinous 
junction, 680 

Humerai shaft fractures, 619 
complications, 619 
contraindications, 619 
operative indications, 619 
ORIF for, 620 f 
outcomes, 620 

rationale/basic science pertinent, 619 
surgical technique, 619 
Hyperextension, 379 
deformity, Tl 
mechanism, 26 
Hypertrophie lipping, 541 

I 

Inferior glenohumeral ligament 
(IGHL), 633 

Inflammatory arthritis, 33, 34/ 

Internai brachial ligament (IBL), 104 
Interosseous membrane (IOM), 299, 

387, 577 

Interphalangeal (IP) joint, 22 
fusions, 69-73 

contraindication to, 70 
indications for, 69 
outcomes and complications, 72-73 
rationale and basic science pertinent 
to procedure, 69 
review of cases, 73 f 
surgical technique for, 70-72,70/-72/ 
pitfalls of fixation, 72 
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thumb arthroplasty/arthrodesis, 75-76 
complications, 76 
contraindications, 75 
IPJ arthrodesis, surgical technique 
for, 75-76 
outcomes, 76 
surgical indications, 75 
Intra-articular osteotomy, for metacarpals 
malunion, 59 
Intrinsic wasting, 318 

j 

Joint debridement, 47 
Joint space infection, 506 
Judet incision, 627 

K 

Kapandji procedure, 424 
Kapandji technique, 336 
Kaplan approach, 471 
Kaplan’s cardinal line, 325 
Kevlar-reinforced suture, 485 
Keystone lunate fossa, 365 
Kienbôck disease, 185-197, 241, 284, 288, 
289, 295 

capitate shortening, 195/-196/ 
classification, 187/, 188£, 197 1 
staging of, 186-188,186/-187/, 186f 
treatment protocol, 188-189, 

\m-\m 

conclusion, 196-197 

dorsal cortex from distal radius, 196/ 

DRUJ, leveling procedures of 

contraindications, 191,191/-192/ 
indications, 191 
outcomes, 191-193 
surgical approach, 191, 192/-193/ 
etiology, 185-186 
salvage procedures 
contraindications, 194 
indications for proximal row 
carpectomy, 194 
outcomes, 193-194, 195 
surgical technique, 194-195 
scaphocapitate fusion, 193, 194/ 
vascularized bone graft, 189-190 
contraindications, 189 
4+5 ECA vascularized graft, surgical 
technique of, 189 
indications, 189 
outcomes, 189-190 
vascularized pisiform graft 
combined procedures, 190 
contraindications, 190 
indications, 190 
outcomes, 190-191 
surgical technique, 190 
Kienbôck disease advanced collapse 
(KD AC), 187 
Kim lésions, 642 


Kirschner wire (K-wire) fixation, 4, 19, 

21, 22, 70, 77, 78, 229, 258, 269, 
290, 347, 348, 351, 361 
disadvantages of, 4 
Dorsal to volar, 340 
pinning and intramedullary, 5 
use of, 340 

Kleinert protocol, 135 
Kocher-Lorenz fragments, 477 
Krakow stitch, 483 

L 

Labral crack, posterior, 642/ 
Labrum/capsule 

arthroscopic elevator device, 639/ 
footed rasp, 640/ 
récurrent dislocator, 639/ 
sutures, 640/ 

shuttling device, 6401/ 
Large-diameter mixed sensorimotor, 108 
Latéral antebrachial cutaneous nerve 
(LABCN), 98, 99/ 219, 331 
Latéral collateral ligament (LCL) 
complex, 471 

Latéral decubitus demonstrating 

preoperative flap markings, 688/ 
Latéral dislocations, 29 
Latéral ulnar collateral ligament 
(LUCL), 474, 493 
Latissimus dorsi (LD), 687 

musculotendinous transfer (MTT) 
active motion values, 673/ 

Blix curve, 670,671/ 
clinical resuit, 675/ 
comparison of, 671/ 
fixation of, 672/ 
massive irréparable rotator cuff 
tears, 669 

biomechanicalbasis, 669-672 
case example, 673-675 
contraindications, 672 
indications, 672 
outcomes, 672-673 
surgical technique, 672 
massive rotator cuff tear, with 

Goutallier stage 3 infraspinatus, 
674/ 

pain scores, 673/ 
potential excursion values, 
distribution of, 670/ 
preoperative standard 
AP radiograph, 673/ 

Y radiograph, 673/ 
relative tension values, distribution 
of, 671/ 

scapula-humerus construct, 671/ 
standard radiographs, 675/ 
rotational flap, 561 
Latissimus dorsi musculotendinous 
transfer, 669 


Lichtman classification, 194, 284 
Ligament reconstruction interposition 
(LRTI) arthroplasty, 80-83, 
81/-83/ 

3-Ligament tenodesis (3LT), 209 
Limited contact-dynamic compression 
(LC-DC) plates, 480 
Linscheid-Hui procedure, 441 
Lister’s tubercle, 99, 269, 285, 343, 362 
Local skin flaps, 559 
Long radiolunate ligament (LRL), 220 
Loose bodies, removal, 33 
Lunotriquetral (LT) 
articulation, 221 
ligament, 283 

Lunotriquetral interosseous ligament 
(LTIL), 219 

M 

Magnetic résonance arthrogram 
(MRA), 637 

Magnetic résonance imaging (MRI), 512 
Mallet finger splint, 144/ 

Malunion 

intra-articular, 55-57, 57/ 
of metacarpals 

angular deformity, 54 
complications, 59-60 
contraindications, 57-58 
indications, 57 
outcomes, 60 
phalanges, 54-55 
rationale and science pertinent to 
procedure, 54-60 
rotational deformity, 54 
shortening, 54 
surgical technique, 58-59 

closing wedge osteotomy for, 58 
intra-articular osteotomy for, 59 
modified step-cut osteotomy 
for, 59 

opening wedge osteotomy for, 58 
transverse osteotomy for, 58-59 
of phalanges 

angular deformity of, 54-55 
complications, 59-60 
contraindications, 57-58 
indications, 57 
outcomes, 60 

rationale and science pertinent to 
procedure, 54-60 
rotational deformity of, 55-57 
shortening of, 55 
surgical technique, 58-59 

closing wedge osteotomy for, 58 
intra-articular osteotomy for, 59 
modified step-cut osteotomy for, 59 
opening wedge osteotomy for, 58 
transverse osteotomy for, 58-59 
Martin-Gruber anastomosis, 589 
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Matched distal ulnar resection, 423 
complications, 423 
contraindications, 423 
indications, 423 
outcomes, 423 
surgical technique, 423 
Mayo classification, 480 
Mayo Elbow Performance Index, 506 
Mayo score, 276 
Mayo wrist score, 441, 462 
Médial antebrachial cutaneous nerve 
(MABCN), 98 

Médial ulnar collateral ligament (MUCL), 
482, 509 

Médian nerve, 101-103 
anatomy, 101 

digital nerve repair, 102-103,104/ 
donor fascicles, 605 
neurorraphy of, 606 
repair at 

elbow, 101,102/ 
wrist, 101,103/ 
repair in 
arm, 101 

forearm, 101,102/ 
hand, 102,103/ 
thenar branch (TB), 323 
Médian nerve injury 

nerve transfer for, 116-118,117/-118/ 
Médian nerve motor studies, 312 
Médian nerve sensory studies, 312 
Medoff teardrop angle, 364 
Melone classification, 333 
Metacarpal base fractures, arthroscopic 
treatment of 
surgical technique 

anatomy/pathomechanics, 42-43 
fifth metacarpal base, 42 
imaging, 43 

Metacarpal cascade lines, 21 
Metacarpal diaphyseal fracture, 

718/ 719/ 

Metacarpals 
malunion of 

angular deformity, 54 
complications, 59-60 
contraindications, 57-58 
indications, 57 
intra-articular, 55-57, 57/ 
outcomes, 60 
phalanges, 54-55 
rationale and science pertinent to 
procedure, 54-60 
rotational deformity, 54 
shortening, 54 
surgical technique, 58-59 

closing wedge osteotomy for, 58 
intra-articular osteotomy for, 59 
modified step-cut osteotomy for, 59 


opening wedge osteotomy for, 58 
transverse osteotomy for, 58-59 
nonunions of 
complications, 53 
contraindications of, 52-53 
indications of, 51-52 
outcomes of, 53-54 
rationale and science pertinent to 
procedure, 51-54 
surgical technique of, 53 
atrophie nonunions, 53 
h)q>ertrophic nonunions, 53 
Metacarpal shaft fractures, 3-7 
complications of, 7 
contraindications of, 3 
indications for, 3 
nonoperative treatment, 3-4 
closed réduction and casting, 4 
outcomes of, 7 

surgical treatment, 4-7,4/ 5/ 
cerclage wiring, 5, 6/ 
external fixators, 6 
open réduction, 5-7 
pinning and intramedullary K-wire 
fixation, 5 

plate and screw fixation, 6, 6/ 
screw fixation, 5-6, 6/ 

Metacarpals, periarticular fractures of, 
13-20 

contraindication to, 13 
indications of, 13 
surgical technique of, 13-17,14/ 
complication of, 17-18 
metacarpal base, 14,15/ 
metacarpal neck, 14/ 15-16, 

15 f 16/ 

outcomes of, 18-20 
potential pitfalls, 17, 19/ 
Metacarpophalangeal joint 
arthroplasty 

silicone implant arthroplasty, 
incision placement, 66-67 
Metacarpophalangeal (MCP) joint, 3,15, 
25-26, 33-35, 101 
anatomy of, 25 
arthroplasty, 61-68 

osteoarthritis patients, 61-65 
complications of, 64 
contraindications for, 62 
indications for, 62 
outcomes of, 64-65 
rationale and basic science 
pertinent to procedure, 61-62 
surgical technique of, 62-63, 62/ 
silicone implant, with rheumatoid 
arthritis, 65-68 
complications of, 67 
contraindications for, 65 
indications for, 65 


outcomes of, 67-68 
surgical technique for, 65-66, 
66/67/ 

dislocations of, 25 
of finger, 25-26 
anatomy of, 25 

general considérations of, 25-26, 25/ 
outcomes/complications of, 26 
treatment/surgical technique of, 26 
fractures, réduction of, 33, 34/ 
fusions, 69-73 

contraindication to, 70 
indications for, 69 
outcomes and complications, 72-73 
rationale and basic science pertinent 
to procedure, 69 
review of cases, 73 1 
surgical technique for, 70-72, 
70/-72/ 

pitfalls of fixation, 72 
general considérations of, 25-26, 25/ 
indications, 33 

inflammatory arthritis, 33, 34/ 
motion, 339 

outcomes/complications of, 26 
removal of loose bodies, 33 
surgical technique, 33-35, 35/ 
of thumb, 26-27 
anatomy of, 26 

arthroplasty/arthrodesis, 76-79 
complications, 79 
contraindications, 76, 77/ 

MP fusion, surgical technique of, 
77-79,77/ 78/ 

MP joint, 76-77 
outcomes, 79 
surgical indications, 76 
general considérations of, 26-27, 27/ 
outcomes/complications of, 27 
treatment/surgical technique of, 27, 
29/ 30/ 

ulnar collateral ligament in jury, 
acute, 33 

treatment/surgical technique of, 26 
Metallic radial head arthroplasty, 521 
Metaphyseal defects, 339 
Metzenbaum scissors, 682 
Michigan Hand Outcomes Questionnaire 
scores, 80 

Midcarpal arthrosis, 291 
Midcarpal instability (MCI), 232 
Midcarpal radial (MCR), 219 
Midcarpal ulnar (MCU) portai, 221 
Middle glenohumeral ligament 
(MGHL), 633 

Mini-incision open techniques, 315 
Modified Becker (MGH) technique, 131 
modification of, 132 
Modified Kessler technique, 137 


Index 


733 


Modified step-cut osteotomy, metacarpals 
malunion, 59 

Monofilament sutures, 654 
Monteggia fractures, 459,461, 480,483 
Bado type I, 461 
Morrey classification, 474 
Morrey score, 461 
Moving 2-point discrimination 
(MPD), 110 

MR arthrograms (MRA), 512 
Multidirectional instability, 643-644 
complications, 643-644 
contraindications, 643 
indications, 643 
outcomes, 643 
spécial tests for, 637 1 
Multidirectional instability (MDI), 633 
Multiplanar deformity, 58 
Multiple digits, multiple level amputation, 
175-176 

Multiple tenodesis techniques, 545 
Muscle-sparing latissimus dorsi 
(msLD), 687 

Musculocutaneous nerve (MCN), 601 
proximal intrafascicular 
dissection, 603 

Musculotendinous junctions, 141 
Musculotendinous transfer (MTT), 

669. See also Latissimus dorsi 
musculotendinous transfer 
external rotation (ER), 669 
Mylad Orthopédie Solutions, 481 

N 

Neck fractures 

cadaveric dissection demonstrating, 
401/ 

complications, 403 
contraindications, 400 
distal radius/ulna 

AP and latéral x-rays, 402/ 

Biyani’s classification System, 398/ 
cadaveric dissection, 398/ 
intra-articular fracture, 399/ 
hand, forearm, and elbow, 400/ 
indications, 398-400 
locking plates, 401/ 

Orbay’s System 

forligamentous stability sequential 
loss, 399/ 

outcomes, 403-404 
pin plate, fixation diagram, 404/ 
rationale/basic science, 397 
distal ulna anatomy, 397 
mechanism of in jury, 397-398 
ulnar styloid fractures, 398 
surgical technique, 400-403 
controversies, 403 
potential pitfalls, 403 


practicaltips, 403-404 
techniques used for, 17 
ulnar head demonstrating, dorsal 
approach, 402/ 

Nerve branches, 579 
Nerve cell membrane, lipid bilayer, 309 
Nerve coaptation disruption, 711 
Nerve compression syndromes 
at elbow 

proximal médian neuropathy, 
587-591 

radial neuropathies, 594-598 
ulnar neuropathies, 591-594 
at wrist 

carpal tunnel release, 314/ 
distal médian neuropathy 
carpal tunnel syndrome, 
311-315 

endoscopie carpal tunnel release 
(ECTR), 315-317 
distal ulnar neuropathy, 319/ 
anatomy, 317 
complications, 318 
electrodiagnostic studies, 318 
history, 317-318 
nonoperative treatment, 318 
outcomes, 318 
pathophysiology, 317 
physical, 318 

quantitative sensory testing, 318 
surgical technique, 318 
electrodiagnostic studies, 310 
quantitative sensory testing 
(QST), 310 

endoscopie carpal tunnel 
release, 316/ 

nerve compression, 309-310 
nerve in jury, classification 
neurapraxia, 311 
physiologie conduction block, 
310-311 

nerve physiology, 309 
superficial radial nerve entrapment 
anatomy, 318-319 
complications, 320 
electrodiagnostic studies, 320 
history, 320 
outcomes, 320 
pathophysiology, 319-320 
physical examination, 320 
quantitative sensory testing, 320 
surgical technique, 320 
Nerve conduction studies (NCS), 

310, 609 

Nerve conduction velocity (NCV), 311 
Nerve fibers, 310 
Nerve grafting 

contraindications to, 98 
donor grafts, 98-99 


anterior interosseous nerve (AIN), 
99, 99/ 

group fascicular suture, 99-100 
latéral antebrachial cutaneous nerve, 
98,99/ 

médial antebrachial cutaneous nerve 
(MABCN), 98 

posterior interosseous nerve, 98-99 
sural nerve, 99-100,100/ 
indications, 98 
médian nerve, 101-103 
outcomes, 108 

postoperative réhabilitation, 107 
principles of, 98 
radial nerve, 106-107 
surgical technique, 100-101 
digital nerve graft sélection, 
guidelines for, 100-101 
external epineurial splint, 100 
external epineurial suture, 100 
group fascicular suture, 100 
ulnar nerve, 103-106 
Nerve growth factor (NGF), 97 
Nerve, hourglass indentations, 591 
Nerve in jury, 505 
Nerve palsies, 548 
Nerve reconstruction 

alternate methods of, 108-111 
contraindications, 109 
end-to-side repairs, 111,111/ 
indications, 108-109 
nerve conduits, 108-111 
neurotization, 111 
outcomes, 110-111 
postoperative réhabilitation, 

109-110 

surgical technique, 109 

autogenous vein grafts, 109,110/ 
synthetic conduits, 109,109/ 

Nerve régénération process, 89 
Nerve repair/reconstruction 
basic considérations, 97 
contraindications for, 90-91 
elbow to fingertips, 97-111 
incisions in hand and wrist, 91/ 
indications for, 90 

nerve reconstruction, 92-94, 93/ 94/ 
postoperative care, 94 
principles of, 89-96, 98 
contraindications, 98 
indications, 98 
rational and basic science, 89 
repair and reconstruction techniques, 
92/ 93/ 

sensory rééducation, 94-96,95/ 
surgical technique for, 91-92, 91/ 
timing or reconstruction, 90 
Nerve root grafting, 711 
Nerve transfer, 118-121,119/-120/ 
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Nerve transfers, 323 
contraindications, 611 
desired sequence of, 613/ 
flexor digitorum sublimus (FDS) 
proximal motor branch, division 
of, 612/ 
indications, 611 
médian nerve (MN), 609-610 
dissection of, 610/ 
exposure of, 610/ 

intraoperative photograph depicting 
electrical stimulation, 611/ 
outcomes, 612-615 

posterior interosseous nerve palsy, 610 
electrodiagnostic studies, 611 
radial nerve, 609 
exposure of, 610/ 
palsy, in upper arm, 610 
to restore wrist/finger extension, 609 
surgical technique 

FCR/FDS fascicles, harvest of, 
611-612 

postoperative réhabilitation, 612 
radial nerve exposure, 612 
redundant médian nerve fascicles, 612 
Neurography, 90 
Neurologie déficits, 380 
Neurologie injuries, 380, 382 
Neurotization, 111 
Neurotrophic factors, 108 
Neurotrophism, 108 
Nonsteroidal anti-inflammatory 
médications, 557 
Nonunions 

atrophie, 51, 51/ 53 
hypertrophie, 51, 51/ 53 
infected, 51 
of metacarpals 
complications, 53 
contraindications of, 52-53 
indications of, 51-52 
outcomes of, 53-54 
rationale/science pertinent to 
procedure, 51-54 
surgical technique of, 53 
atrophie nonunions, 53 
hypertrophie nonunions, 53 
of phalanges 

complications, 53 
contraindications of, 52-53 
indications of, 51-52 
outcomes of, 53-54 
rationale/science pertinent to 
procedure, 51-54 
surgical technique of, 53 
atrophie nonunions, 53 
hypertrophie nonunions, 53 
surgical repair of, 52 
Normal peak sensory, 592 


No touch technique, 66 
NSAIDs, 38, 79 

O 

Oblique ligament, anterior, 24 
Occult injuries, 21, 22/ 

O’Driscoll’s principles, 468 
Olecranon fractures, 468 
One-stage surgery, 176 
Opening wedge osteotomy, metacarpals 
malunion, 58 

Open réduction and internai fixation 
(ORIF), 14, 15,31,345 
distal radius fracture, 398 
ulnar head/neck fractures, 398 
Osborne-Cotterill lésion, 493 
Osborne ligament, 591, 593 
Osteoarthritis, 61 

metacarpophalangeal joint arthroplasty 
in, 61-65 

complications of, 64 
contraindications for, 62 
indications for, 62 
outcomes of, 64-65 
rationale/basic science pertinent to 
procedure, 61-62 
surgical technique of, 62-63, 62/ 
proximal interphalangeal joint 
arthroplasty in, 61-65 
complications of, 64 
contraindications for, 62 
indications for, 62 
outcomes of, 64-65 
rationale/basic science pertinent to 
procedure, 61-62 

surgical technique of, 63-64, 63/ 64/ 
Osteochondral defects, 504 
Osteochondritis dissecans (OCD) lésions, 
477, 478, 479 
Osteonecrosis, 644 
Osteoseptocutaneous fibula flap, 574 
Osteosynthesis, 172,173/ 

P 

Palmaris longus (PL) tendon, 101, 315 
Palmar radioulnar ligament (PRUL), 234 
Palmer classification, 239 
Paralabral cyst 

coronal-oblique Tl image, 697/ 
coronal-oblique T2 image, 698/ 
Parsonage-Turner syndrome, 588 
Partial central slip injury, 30 
Passive motion therapy, 136 
Pectoralis major tendon repair 
anatomical représentation, 678/ 
complications, 684 
contraindications, 680 
deltopectoral interval, typical incision 
in, 681/ 


function of, 679 1 
healed incision, 684/ 
indications 

nonoperative treatment, 680 
operative treatment, 680 
loss of axillary fold, 679/ 
mechanism/presentation, 679-680 
nonoperative treatment modalities, 680 1 
outcomes, 684-685 
rationale/basic science 
anatomy, 677 
blood supply, 677 
function, 677-679 
innervation, 677 
réhabilitation, 684 
rupture, représentation of, 679/ 
surgical technique 

authors preferred technique, 680-684 
relevant surgical anatomy, 680 
schematic, 682/ 683/ 

Pedicled radial forearmflap, 163-165 
anatomy, 163 
complications, 165 
contraindications, 163-165 
indications, 163, 164/ 165/ 
outcomes, 165 
surgical technique, 165 
Peninsular flaps, 559 
Percutaneous K-wire fixation, 335 
Perilunate dislocations and fracture- 

dislocations (PLD-PLFD), 273 
carpal dislocations, types of, 274/ 
conclusions, 277-280 
CT scan, 274/ 

diagnosis/classification, 273-275 
dorsal perilunate dislocation, 279/ 
dorsal trans-scaphoid perilunate 
dislocation, 278/ 

dry arthroscopy midcarpal view, 277/ 
PA traction radiographs, 274/ 
surgical treatment at acute stage, 276/ 
treatment/outcomes 

arthroscopically assisted réduction/ 
internai fixation, 276-277 
open reduction/internal fixation, 
275-276 

unusual translunate perilunate 
dislocation variant, 275/ 
Phalangeal shaft fractures, 7-11 
complications of, 7-11,10 
distal phalanx fractures, 7 
middle and proximal phalanx fractures, 
8-10,8/ 
closed réduction 
and casting, 8 
and pinning, 8, 9/ 
open réduction, 8-10, 9/ 10/ 
advantages and disadvantages, 9 
outcomes of, 10-11 
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Phalanges 
malunion of 

angular deformity of, 54-55, 54/ 
complications, 59-60 
contraindications, 57-58 
indications, 57 
intra-articular, 55-57, 57/ 
outcomes, 60 

rationale/science pertinent to 
procedure, 54-60 

rotational deformity of, 55-57, 56/ 
shortening of, 55, 56/ 
surgical technique, 58-59 
nonunions of 
complications, 53 
contraindications of, 52-53 
indications of, 51-52 
outcomes of, 53-54 
rationale and science pertinent to 
procedure, 51-54 
surgical technique of, 53 
atrophie nonunions, 53 
hypertrophie nonunions, 53 
periarticular fractures of, 13-20 
contraindication to, 13 
indications of, 13 
surgical technique of, 13-17,14/ 
complication of, 17-18 
middle phalanx base, 17,18/ 19/ 
middle phalanx neck, 17 
outcomes of, 18-20 
potentialpitfalls, 17, 19/ 
proximal phalanx base, 16-17,16/ 
surgical technique 

closing wedge osteotomy for, 58 
intra-articular osteotomy for, 59 
modified step-cut osteotomy for, 59 
opening wedge osteotomy for, 58 
transverse osteotomy for, 58-59 
Phalanx fractures, définition, 11 
Phalanx, middle 
crush in jury of, 720/ 
proximal half, loss, 720/ 

Physiologie cross-sectional area 
(PCSA), 669 
Pinning techniques, 19 
Pin tract infections, 4,4/ 

PIP joint capsulotomy, 53 
Pisometacarpal ligament, 21 
Pisotriquetral orifice (PTO), 220 
Plate and screw fixation, 6, 6/ 

Polyglycolic acid (PGA), 108 
Poly-l-lactate (PLLA) blocks, 237 
Polymethylmethacrylate (PMMA) bone 
cernent, 721 

Poster ior humerai circumflex artery, 703 
Posterior interosseous artery (PIA), 299 
Posterior interosseous nerve (PIN), 94, 
98-99, 200, 471, 545, 595, 609 


ECRB branch, 615/ 
extensor carpi radialis brevis 
tendon, 615/ 

FCR branch, coaptation of, 614/ 

FDS branch, end-to-end transfer 
of, 614/ 

Postérolatéral portai, 505 
Postoperative réhabilitation, 107 
Postoperative ulnar nerve problems, 470 
Posttraumatic arthritis, 485 
Preiser disease, 199-204 
complications, 204 
contraindications, 202 
etiology of, 199 

Herbert/Lanzetta classification, 200f 
ICSRA vascularized bone graft, 201/ 
indications, 201 
Kalainov classification, 200f 
outcomes, 204 

rationale and basic science pertinent to 
procedure, 199-201 

surgical technique, 202-203, 202/-204/ 
Tl- and T2-weighted magnetic 
résonance imaging, 200/ 
Pressure bag, 34 

Pressure-specified sensory device 
(PSSD), 310 

Profundus avulsion classification, 131 
Pronator quadratus (PQ) muscle, 99, 268, 
331,387,444 

Pronator teres (PT), 101, 587 
Prophylactic fasciotomy, 178 
Prosthetic jig, use, 623 
Proximal humérus fractures 
complications, 624-625 
contraindications, 621 
hemiarthroplasty fracture stem, with 
tuberosity osteosynthesis, 623/ 
indications, 621 
ORIF of, 622/ 
outcomes, 625-626 
percutaneous pinning, 622/ 
rationale/basic science pertinent 
procedure, 621 
surgical technique, 621-624 
Proximal interphalangeal (PIP) 
flexion, 152 
joint, 3, 27-30, 142 
anatomy of, 27 
general considérations of, 28 
outcomes/complications of, 30 
treatment/surgical technique of, 28-30 
Proximal interphalangeal joint (PIPJ), 

3, 27-30,142 
anatomy of, 27 
arthrodesis, 172 
arthroplasty, 61-68 

in patients with osteoarthritis, 61-65 
complications of, 64 


contraindications for, 62 
indications for, 62 
outcomes of, 64-65 
rationale and basic science 
pertinent to procedure, 61-62 
surgical technique of, 63-64,63/ 64/ 
silicone implant arthroplasty, with 
rheumatoid arthritis, 65-68 
complications of, 67 
contraindications for, 65 
indications for, 65 
outcomes of, 67-68 
surgical technique for, 66-67 
flexion, 17 

general considérations of, 28 
outcomes/complications of, 30 
treatment/surgical technique of, 28-30 
Proximal médian neuropathy, 587-591 
anterior interosseous nerve 
syndrome, 588 
anatomy, 589 
complications, 590 
electrodiagnostic studies, 589 
history, 589 
outcomes, 590-591 
pathophysiology, 589 
physical exam, 589 
postoperative management, 590 
surgical indications, 589 
surgical technique, 589-590 
pronator syndrome 
anatomy, 587 

electrodiagnostic studies, 588 
history, 587 
pathophysiology, 587 
physical exam, 587-588 
Proximal phalanx fractures, 25, 27 
percutaneous fixation of, 19 
Proximal radial nerve repairs, 611 
Proximal radioulnar joint (PRUJ), 429, 
453,493 

Proximal row carpectomy (PRC), 177, 

188, 201, 224, 283 
Proximal skin flap, 316 
Pyrolytic carbon implant arthroplasty, 61,64 

Q 

Quadrilatéral space syndrome (QSS), 700 
anatomy, 700-701 

axillary nerve décompression, planned 
incision, 702/ 
contraindications, 702 
history/physical findings, 701-702 
mechanism of in jury, 701 
outcomes, 703 
surgical exposure of, 703/ 
surgical indications, 702 
surgical technique, 702-703 
QuickDASH score, 7 
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R 

Radial collateral ligament (RCL), 493 
Radial forearm fascia (RFF) flap, 304 
Radial forearm flap, 165, 308 
Radial head fixation, 472/ 
arthroplasty, 521, 522 
Radial head fractures, 470 
Radial head replacement, 523 
Radial nerve, 106-107 
anatomy, 106 
recordings, 595, 610 
repair, a telbow, 106-107,107/ 
repair, in forearm/wrist, 107,107/ 
volar approach, 596 
Radial neuropathies 

anconeus epitrochlearis, 591/ 
anterior interosseous nerve 
compression, 590/ 
forearm, 595-596 
mini-incision subcutaneous ulnar 
nerve transposition, 593/ 
posterior interosseous nerve entrapment 
contraindications, 598 
décompression, antérolatéral 
approach, 598/ 

electrodiagnostic studies, 597-598 
history, 597 

nonoperative management, 598 
outcomes, 598 
physical exam, 597 
postoperative treatment, 598 
surgical indications, 598 
surgical technique, 598 
radial tunnel décompression 
combined anterior/posterolateral 
approach for, 597/ 
radial tunnel syndrome 
complications, 597 
contraindications, 596 
electrodiagnostic studies, 596 
history, 596 

nonoperative management, 596 
outcomes, 596-597 
physical exam, 596 
surgical indications, 596 
surgical technique, 596 
submuscular ulnar nerve 
transposition, 594/ 
upper arm 
anatomy, 594-595 
complications, 595 
contraindications, 595 
electrodiagnostic studies, 595 
history, 595 
physical exam, 595 
postoperative management, 595 
surgical indications, 595 
surgical technique, 595 
Radial shortening osteotomy, 191 


Radial styloidectomy, 283 
Radial styloid fragment, 245 
Radial ulnohumeral ligament complex 
(RUHLC), 510 
Radiocarpal, chronic, 382 
Radiocarpal dislocation, 379 

avulsion in jury, preoperative view 
of, 380/ 

classification, 379-380 
clinical présentation, 380 
complications, 382 
degenerative changes, 382/ 
mechanism of in jury, 379 
outcome, 382-383 
pure radiocarpal dislocations, 380/ 
radiocarpal dislocations, 381/ 
styloid fragment, screw fixation of, 381/ 
surgical treatment, 380-381 
Radiocarpal f racture-dislocation, 
steps, 380-381 
Radiocarpal séparation, 355 
Radioscaphocapitate (RSC) ligament, 223 
Radioscapholunate ligament (RSL), 220 
Radioulnar impingement, 423 
Radioulnar ligament (RUL), 387 
Randomized controlled trials (RCTs), 263 
Raynaud disease symptoms, 318 
Réduction and association of the 

scaphoid and lunate (RASL) 
procedure, 228 
Réduction maneuvers, 26 
Reversed digital artery (RD A) flap, 155-157 
anatomy, 155,156/ 
complications, 157 
contraindications, 156 
indications, 155-156,156/ 
outcomes, 157 
surgical technique, 156-157 
Reverse-flow fascial flaps, 162 
Reverse shoulder arthroplasty, 659 
Rheumatoid arthritis, 61 

silicone implant arthroplasty, 65-68 
complications of, 67 
contraindications for, 65 
indications for, 65 
outcomes of, 67-68 
surgical technique for, 65-66, 66-67, 
66/67/ 

incision placement/dissection, 
66-67 

Riche-Cannieu anastomoses, 324 
Ring avulsion amputation, 175, 175/ 
Rotator cuff tears, 652 
complications, 654 
indications/contraindications, 652 
outcomes, 654 
rationale/basic science, 652 
surgical technique, 652-654 
Rotator cuff tendinopathy, 652 


Running interlocked horizontal mattress 
(R-IHM) suture, 142, 143/ 146 

S 

Salvage procedures, for wrist 

arthroscopically confirmed SNAC wrist 
stages, 294/ 

capitolunate arthrodesis, 290 
distal radius fracture, 292/ 293/ 
four-corner arthrodesis, 285-287 
Kienbôck disease, stages, 285/ 
ligament-sparing capsulotomy, 285/ 
lunotriquetral arthrodesis, 290-291 
intraoperative view, 291/ 
radial styloidectomy, 283-284 
radiocarpal arthrodesis 
proximal row carpectomy (PRC), 
293-294 

radiolunate/radioscapholunate 
arthrodesis, 291-293 
total wrist arthrodesis, 294-296 
scaphocapitate arthrodesis, 284-285 
scaphocapitolunate (SCL) arthrodesis, 
289-290 

scaphotrapezial trapezoid arthrodesis, 
287-289 

SLAC/SNAC wrist, évaluation of, 284/ 
286/-287/ 

STT arthrodesis, K-wire fixation/radial 
styloidectomy, 288/ 
wrist arthrosis, 295/ 296/ 

SANE scores, 685 

Sauvé-Kapandji procedures, 423,424, 

433,444 

complications, 424 
contraindications, 424 
indications, 424 
outcomes, 424-425 
surgical technique, 424 
Scaphoid capitate fusion, 284 
Scaphoid excision, 290 
Scaphoid fractures/nonunions, 257 
complications, 263 
contraindications, 258 
dorsal percutaneous technique 

intraoperative démonstration of, 260/ 
operative procedure for, 259/ 
indications, 257 
cast immobilization, 257 
operative management, 257-258 
open volar approach, 261/ 262/ 
outcomes, 263 

rationale/basic science pertinent, 257 
surgical technique 

dorsal percutaneous technique, 258 
humpback deformity, 263 
open dorsal approach, 260-262 
open volar approach, 258-260 
volar percutaneous technique, 258 
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volar approach, to scaphoid 
incision, 260/ 
volar Kirschner wire, 263/ 

Scaphoid nonunion advanced collapse 
(SNAC) wrist, 187, 241, 

258, 265, 283 

Scaphoid-trapezium-trapezoid (STT), 210 
Scaphoid waist fracture, 257, 258 
Scapholunate advanced collapse (SLAC) 
wrist, 187, 210, 223, 283 
Scapholunate interosseous ligament 
(SLIL), 219 

Scapholunate ligament pathology, 47 
Scaphotrapezial joint arthroscopy, 47-49 
anatomy of, 47 
STT-P portai, 47 
STT-R portai, 47 
STT-U portai, 47 

arthroscopic distal scaphoid resection, 
surgical technique for, 47, 48/ 
complications, 47-49 
outcomes, 49 

Scaphotrapezial trapezoidal (STT) joint, 
79,187, 221,258, 283 
Scaphotrapeziotrapezoid ligaments, 208 
Scapula fractures, 626-628 
body fracture, 626 
ORIF of, 627/ 
complications, 628 
contraindications, 626 
outcomes, 628 
parascapular flap, 308 
rationale/basic science pertinent 
procedure, 626 
surgical indications, 626 
surgical technique, 626-628 
Scapular retraction, 708/ 

Scarred capsule 

arthroscopic elevator device, 639/ 
Schwann cells, 97 
activation of, 91 
Screw fixation, 5-6, 6/ 72, 248 

for unstable oblique or spiral fractures, 
9, 10/ 

Screw-home torque, 24 
Semmes Weinstein monofilament testing 
(SWT), 310 

Sensory disturbances, 318 
Sensory function, 89 
Sensory loss, in ulnar nerve 
distribution, 593 

Sensory nerve action potential (SNAP), 
312, 609 

Sensory nerve transfers, 113-128,121 
contraindication for, 114 
indications, 113-114 
location of surgery, 115 1 
pathophysiology of, 113 
rationale and basic science, 113 


surgical technique, 114-127 
complications with, 127 
controversies, 127 
nerve transfer 

for axillary nerve in jury, 114-116 

for médian nerve in jury, 116-118, 
117/-118/ 

for ulnar nerve in jury, 118-121, 

119 /- 120 / 

for upper plexus in jury, 114, 

115/-116/ 
outcomes, 127-128 
unique sensory nerve transfer, 
121-127, 121/-127/ 

Sensory recovery, 95 
Sensory rééducation programs, 95 
Serratus anterior fascial (SAF), 304 
Several fixation techniques, 286 
Short radiolunate ligament (SRL), 227, 228 
Short segment incrémental study 
(SSIS), 318 

Shoulder 

basic tests, 636f 

quadrilatéral space entrapment, 
posterior view of, 700/ 

Shoulder arthroplasty, replacement, 659 
complications, 666 
contraindications, 661 
deltopectoral approach, 663/ 
glenohumeral joint, 659 
glenoid/bleeding subchondral 
bone, 665/ 
glenoid exposure 
algorithm, 665/ 
labral attachments, 665/ 
glenosphere dialed inferiorly, 666/ 
head-split displaced fracture, 660/ 
indications, 659-661 
osteoarthritis, 660/ 
primary, 661/ 
outcomes, 666-667 
rotator cuff arthropathy, 662/ 
shoulder hemiarthroplasty, right, 660/ 
subscapularis tenotomy/inferior 
capsular release, 663/ 
surgical technique 

component choice, 665-666 
exposure, 661-663 
glenoid component, 663-665 
humerai component, 663 
tuberosity reattachment, in proximal 
humerai fracture, 664/ 

Shoulder arthroscopy, 647. See also 

Arthroscopic shoulder portais 
latéral decubitus positioning, 648/ 
Shoulder dislocations, 633 

anatomy/pathophysiology, 633-636 
arthroscopic anterior stabilization, 
638-640 


arthroscopic posterior stabilization, 
641-643 

complications, 643 
contraindications, 638 
examination, 636-637 
multidirectional instability, 643-644 
open anterior capsulorrhaphy, 641 
outcomes, 641 

radiographie imaging, 637-638 
surgery, indications, 638 
treatment, 638 

Shoulder motion reconstruction, 712/ 
Shoulder reconstruction 
axillary nerve transfers, 705 
complications, 711 
outcomes, 711-712 
preoperative examination, 706 
surgical technique 

brachial plexus exploration, 706-708 
suprascapular nerve 
exposure, 708-710 
posterior approach, 710 
triceps branch, surgical technique, 
710-711 

Shoulder shrugging 

upper trapezius function, clinical 
testing for, 708/ 

Skin coverage/closure, 174 
Skin flaps, 568 
Skin incision, 576 
Small bone innovations, 441 
Small joint arthroplasties, 70 
Small joint arthroscopy, 33-49 
metacarpal base fractures, arthroscopic 
treatment 

anatomy/pathomechanics, 42-43 
fifth metacarpal base, 42 
imaging, 43 

metacarpophalangeal (MP) joint, 33-35 
complications, 35 
contraindications, 33 
fractures, réduction of, 33, 34/ 
indications, 33 

inflammatory arthritis, 33, 34/ 
removal of loose bodies, 33 
surgical technique, 33-35, 35/ 
thumb, acute ulnar collateral 
ligament injury of, 33 
scaphotrapezial joint arthroscopy, 
47-49 

anatomy of, 47 
STT-P portai, 47 
STT-R portai, 47 
STT-U portai, 47 
arthroscopic distal scaphoid 

resection, surgical technique 
for, 47,48/ 
complications, 47-49 
outcomes, 49 
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Small joint arthroscopy ( Cont’d .) 
surgical technique, 43-45, 45/ 46/ 
trapeziometacarpal arthroscopy, 35-38 
ligament anatomy/biomechanics, 

35- 36, 35/-37/ 

trapeziometacarpal joint portais, 

36- 38 

trapeziometacarpal OA, arthroscopic 
treatment, 38-41 
contraindication to, 38 
debridement and capsular 
shrinkage, 39 
indication for, 38 
metacarpal base fractures, 41-43 
complications, 45-46 
first metacarpal base, 41-42 
surgical technique, 42-43, 42-45, 
43/ 44/ 

outcomes of, 39-41 
partial/complete trapeziectomy with 
interposition, 39 

partial/complete trapeziectomy without 
tendon interposition, 39, 41/ 
surgical technique of, 39, 40/ 

Soft tissue coverage, of carpus 
contact burn 
severe, 306/ 

to thumb/web space, 302/ 
web space, 304/ 

cutaneous/fasciocutaneous flaps, 305 
anterior latéral thigh (ALT) flap, 
307-308 

latéral arm flap, 306 
flaps, choice 

reconstructive strategy, 299 
regional/distant flaps, 300 
free flaps, 303 

fascial flaps, 303-304 
serratus fascia flap, 305 
tempoparietal fascia flap (TPF), 
304-305 
groin flap, 300 

oyster knife, defect, 307^308/ 
posterior interosseous artery flap, 303 
régional flaps 

proximal dorsal metacarpal artery 
(DMCA) flaps, 300-301 
radial forearm flap, 301-302 
relevant anatomy, 299 
ulnar artery flap 
anatomy, 302 
complications, 302-303 
contraindications, 302 
indications, 302 
surgical technique, 302 
Soft tissue coverage, of elbow 
arm, crush injury of, 570 f 
brachioradialis flap, schematic drawing 
of, 561/ 


complications, 571 
coverage, types 

axial fasciocutaneous flaps, 559-560 
distant muscle pedicle flaps, 

561-562 

distant pedicle flaps, 560-561 
free-tissue transfer, 562 
healing, by secondary intention, 559 
local muscle rotational flaps, 561 
local random flaps, 559 
primary closure, 559 
skin grafting, 559 
flexor carpi ulnaris 
case studies, 565/ 
vascular anatomy of, 564/ 
latéral epicondylitis, 563 f 
latissimus dorsi rotational flap, 569/ 
outcomes, 571 
radial forearm flap, 567/ 
supracondylar humérus fracture, 568/ 
surgical procedures, 562 
distant muscle rotational flap, 
latissimus dorsi, 567-570 
local muscle rotational flap, 562-563 
flexor carpi ulnaris, 563-565 
radial forearm flap, 565-567 
total elbow arthroplasty, 560/ 

Soft tissue handling, 17 
Soft tissue injuries, incidence of 
distal radius fractures (DRFs) 
management, 332 f 
Soft tissue shoulder coverage, 687 
arm, régional flaps, 692-693 
clavicular région reconstruction, 691/ 
free tissue transfer, 693 
latéral decubitus demonstrating 

preoperative flap markings, 688 f 
latissimus dorsi flap, intraoperative 
dissection, 690 f 
TDAP flap, 689 f 
torso, régional flaps, 687-692 
deltopectoral flap, 692 
superficial cervical artery flaps, 
691-692 

Somatosensory cortex, 94 
Staphylococcus aureus, 91 
Static 2-point discrimination (SPD), 110 
Sternocleidomastoid function, clinical 
testing, 707/ 

Sternocleidomastoid muscle (SB) 
accessory nerve (XI), 707/ 

Stress fractures, 582 
Subacromial impingement syndrome 
complications, 651 
indications/contraindications, 649 
outcomes, 651-652 
rationale/basic science, 649 
surgical technique, 649-651 
Subchondral bone, 75 


Subjective shoulder value (SSV) scores, 700 
Superficial branch of the radial nerve 
(SBRN), 200 

Superficial cervical artery (SCA), 691 
Superficial circumflex iliac vein 
(SCIV), 300 

Superficial epigastric vein (SEV), 300 
Superficial radial nerve (SRN), 37,153, 
219,319,331 

Superficial radial sensory branch, 106,595 
Superficial temporal artery (STA), 304 
Superficial tenting, 26 
Superficial transverse metacarpal 
ligament, 26 

Superior aspect of the glenoid labrum 
(SLAP), 654-655 
AC joint capsule, 651/ 
acromial osteophyte 
arthroscopic latéral view, 650/ 

MRI view of, 649/ 

acromioclavicular joint impingement, 
651/ 

arthroscopic repair, 698 
arthroscopic treatment, 655 
beach chair positioning, 648/ 
clavicular spur impinging, 651/ 
hook-shaped acromion, latéral view 
of, 650/ 

infraspinatus repair right shoulder, 654/ 
IV tear, 655/ 

L-shaped tear 

margin convergence sutures, 653 f 
mattress sutures, 655/ 
medium size rotator cuff tear, posterior 
view of, 653/ 

postoperative stiffness, 656/ 
régional pain relief, ultrasound-guided 
interscalene block, 648/ 
in right shoulder, 654/ 
with arthroscope, 648/ 
rotator cuff tear, superior migration, 652/ 
shoulder arthroscopy, 648/ 

Superior glenohumeral ligament 
(SGHL), 633 

Superior labrum anterior and 
posterior (SLAP) 
lésions, 633, 634/ 
tears 

complications, 656 
glenoid labrum, superior aspect, 
654-655 

indications/contraindications, 655 
outcomes, 656 
surgical technique, 655-656 
Suprascapular nerve (SSN), 695 
anatomy, 695, 696/ 
anatomy of, 696/ 

brachial plexus, point détermination, 
709/ 
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complications, 699 
compression test, 696/ 
contraindications, 698 
extended exposure of, 709-710 
history/physical findings, 696-697 
intraoperative view of, 709/ 
extended exposure, 709/ 710/ 
mechanism of in jury, 695 
neuropathy, 697 
oblique incision, 709/ 
outcomes, 699-700 
posterior approach, 710 
quadrilatéral space syndrome (QSS), 700 
anatomy, 700-701 
contraindications, 702 
history/physical findings, 701-702 
mechanism of in jury, 701 
outcomes, 703 
surgical exposure of, 703/ 
surgical indications, 702 
surgical technique, 698-699, 702-703 
surgical treatment 

no space-occupying lésion, 697 
space-occupying lésion, 697 
Suprascapular nerve, exposure, 708-709 
Suprascapular neuropathy, 695 
Sural nerve, 99-100, 100/ 

Suture anchor fixation, 655 
Suturing, 129 

Swanson silicone ulnar head implant, 444 
Symptomatic primary osteoarthritis, 76 
Synovial biopsy, wrist arthroscopy, 223 
Synthetic conduits, 109,109/ 

T 

Tempoparietal fascia flap (TPF), 303 
Tendon autograft, 547 
Tendon rupture, 31 
Thoracodorsal artery (TDA), 687, 688 
Thoracodorsal artery perforator (TDAP) 
flap, 687 

Thumb 

acute ulnar collateral ligament 
injury of, 33 
amputation, 176 

carpometacarpal (CMC) joint, 22-25 
anatomy of, 22-24 
general considérations of, 24 
outcomes of, 24-25 
treatment/surgical technique of, 24 
dislocations of, 21-31 
distal interphalangeal joint 
anatomy of, 30 
general considérations of, 31 
outcomes/complications of, 31 
treatment/surgical technique of, 31 
dorsal aspect of, 36 
metacarpophalangeal (MCP) joint, 
26-27 


anatomy of, 26 

general considérations of, 26-27, 27/ 
outcomes/complications of, 27 
treatment/surgical technique of, 27, 
29/ 30/ 

Thumb arthroplasty/arthrodesis, 75-86 
chevron osteotomy, 76/ 
interphalangeal joint, 75-76 
complications, 76 
contraindications, 75 
IPJ arthrodesis, surgical technique 
for, 75-76 
outcomes, 76 
surgical indications, 75 
metacarpophalangeal joint, 76-79 
complications, 79 
contraindications, 76, 77/ 

MP fusion, surgical technique of, 
77-79, 77/ 78/ 

MP joint arthroplasty, 76-77 
outcomes, 79 
surgical indications, 76 
trapeziometacarpal joint, 79-86 
stage II to IV disease, 80-86 
associated MP joint 
hyperextension, 85-86 
ligament reconstruction 
interposition (LRTI) 
arthroplasty, 80-83, 81/-83/ 
trapeziectomy, 83-85, 84/ 85/ 
trapeziometacarpal fusion, 86, 86/ 
stage I to II disease, 80 

thumb metacarpal extension 
osteotomy, 80 

volar ligament reconstruction, 80 
surgical indications, 79-86 
Thumb avulsion amputation, 176-177 
Total active motion (TAM), 7,18,179 
Total elbow arthroplasty (TEA), 466 
Trans-scaphoid perilunate 

fracture-dislocations, 251 
Transverse carpal ligament (TCL), 102 
Transverse dorsoradial capsulotomy, 202 
Transverse metaphyseal fractures, 8 
Transverse osteotomy, for metacarpals 
malunion, 58-59 

Transverse proximal phalanx fractures, 8 
Trapeziectomy, 81, 83-85, 84, 84/ 85/ 
Trapeziometacarpal arthroscopy, 35-38 
ligament anatomy/biomechanics, 
35-36, 35/-37/ 

trapeziometacarpal joint portais, 36-38 
Trapeziometacarpal fusion, 86, 86/ 
Trapeziometacarpal joint 

of thumb arthroplasty and arthrodesis, 
79-86 

stage II to IV disease, 80-86 
associated MP joint 
hyperextension, 85-86 


ligament reconstruction 
interposition (LRTI) 
arthroplasty, 80-83, 81f-83f 
trapeziectomy, 83-85, 84/ 85/ 
trapeziometacarpal fusion, 86, 86/ 
stage I to II disease, 80 
thumb metacarpal extension 
osteotomy, 80 

volar ligament reconstruction, 80 
Trapeziometacarpal joint portais, 36-38 
distal-dorsal portai, 38 
modified radial portai, 37 
standard portais, 36-37 
thenar portai, 37-38 
Trapeziometacarpal OA, arthroscopic 
treatment for, 38-41 
arthroscopic partial/complete 
trapeziectomy 
with interposition, 39 
without tendon interposition, 39,41/ 
capsular shrinkage, 39 
contraindication to, 38 
indication for, 38 
metacarpal base fractures, 41-43 
complications, 45-46 
first metacarpal base, 41-42 
surgical technique, 42-43, 42-45, 

43/ 44/ 

outcomes of, 39-41 
surgical technique of, 39, 40/ 
Trapezium, 22, 36 
Trapezius muscle, 691 
zigzag incision, 709/ 

Traumatic bone loss, in hand 
bone grafting/rigid internai 
fixation, 717 
complications, 721 
contraindications, 717 
low-velocity gunshot wound, 

718/719/ 

management of, 717-722 
outcomes, 721-722 
surgical technique, 717-721 
Triangular fibrocartilage (TFC), 439 
foveal repair, 402 
Triangular fibrocartilage complex 

(TFCC), 219, 331, 387, 407, 

419,429 

anatomy and biomechanics, 397 
avulsion of, 396 
deep fibers of, 458 
DRUJ arthroscopy, 389 
foveal detachment of, 387, 389 
ulna articulâtes, 397 
Triceps branch, surgical technique, 
710-711 

Triquetrohamate-capitate ligament 
(THCL), 232 
Tuberosity healing, 667 
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Tuberosity osteosynthesis technique, 
hemiarthroplasty fracture 
stem, 625/ 

Twisting force, 27 

U 

Ulnar artery flap, 302 
Ulnar collateral ligament (UCL), 33 
Ulnar head replacement, 439 
Ulnar nerve, 103-106, 318, 592 
anatomy, 103-105 
compression, 591 
conduction, 592 
def ect, 93/, 94 
digital nerve repair, 106 
dorsal branch, 236 
fascicles of, 712/ 
in jury, nerve transfer, 118-121, 

119 /- 120 / 
lésions, 324 
motor studies, 592 
repair 

in elbow, 105, 105/ 
in forearm, 105,105/ 
in hand, 106,106/ 
in wrist, 105-106, 106/ 
sensory studies, 592 
symptoms, 593 
Ulnar neuropathies 

proximal ulnar neuropathy 
anatomy, 591 
complications, 594 
contraindications, 593 
electrodiagnostic studies, 592 
history, 592 

nonoperative treatment, 593 
outcomes, 594 
pathophysiology, 591-592 
physical exam, 592 
subcutaneous anterior 
transposition, 593 
submuscular transposition, 594 
surgical indications, 593 
surgical technique, 593 
ulnar nerve motor studies, 592 
ulnar nerve sensory studies, 592 
Ulnar translocation, 283 
Ulnocarpal impaction (UCI), 407 
Ulnolunate ligament (ULL), 220 
Ulnotriquetral ligament (ULT), 220 
Upper extremity surgery 

distal radius, dorsally displaced 
malunion, 373/-374/ 
long-standing nonunion, 376/-377/ 
malunion, 371-375 
contraindications, 371 
indications, 371 

rationale/basic science pertinent, 371 
surgical technique, 371 


complications, 375 
distal radioulnar joint, 375 
dorsal approach, 372 
intra-articular mal unions, 

372-375 
outcome, 375 
volar approach, 372 
nonunion, 375-377 
complications, 376 
contraindications, 375 
indications, 375 
outcome, 376-377 

rationale/basic science pertinent, 375 
surgical technique, 375-376 
Upper limb muscles, diffuse 
denervation, 598 

Upper plexus injury, nerve transfer, 114, 

115/-116/ 

V 

VAC sponge, 718/ 

Vague posterior shoulder pain, 701 
Valgus extension overload (VEO) test, 511 
Vascular injury, 588 

Vascularized bone grafts (VBGs), 189, 265 
absolute contraindications, 265 
capsular-based 
anatomy, 268 
outcomes, 270 
pros/cons, 268-269 
surgical approach, 269-270 
dorsal capsular-based, 270/ 

ICSRA, 267/ 

indications, 265 

1,2 intercompartmental 

supraretinacular artery 
(ICSRA), 265 
anatomy, 265 
outcomes, 266 
pros/cons, 265-266 
surgical approach, 266 
volar carpal, 269/ 

Vascularized free fibula bone graft 
clavicular reconstruction, 579/ 
complications 

donor-site morbidity, 582 
récipient site, 582-584 
contraindications, 574-575 
diaphyseal graft, surgical technique for, 
576-578 
dissected fibular 
epiphysis, 579/ 
for harvest, 577/ 
with skin paddle, 577/ 
epiphyseal graft, surgical technique for, 
578-579 

fibular donor site, anatomy, 573 
humerai reconstruction, 580/ 
indications, 574 


leg, latex injection study, 574/ 
outcomes, 584 

peroneal artery circulation to 
fibula, 574/ 

preoperative planning, 575-576 
radial reconstruction, 581/ 

wrist fusion, for osteosarcoma, 583/ 
récipient site, préparation of 
clavicle, 579-580 
humérus, 580 
metacarpal, 582 
radius and ulna, 580-582 
site-specific technique, 579 
wrist fusion, 582 
skin incisions, 576/ 

TA/peroneal arteries, 575/ 
for upper extremity reconstruction, 573 
Vascularized thumb metacarpal graft 
anatomy, 271 
outcomes, 271 
pros/cons, 271 
surgical approach, 271 
Visual analogue score (VAS), 230 
Volar beak ligament, 35 
Volar Brunner incision, 102 
Volar carpal artery vascularized bone 
graft 

anatomy, 266-268 
outcomes, 268 
pros/cons, 268 
surgical approach, 268 
Volar dislocations, 26, 27, 28, 379 
Volar distal radioulnar (VDRU) 
portai, 221 

Volar intercalated segmentai instability 
(VISI) pattern, 227 
Volar plate fixation, 351 
Volar plating, 346-351 
Volar pressure, 226 
Volar radial (VR), 219 
Volar styloid process, 35 
Volar ulnar (VU) fragment, 42, 219 

W 

Well-padded plaster splint, 63 
Werley score, 353 

Western Ontario Shoulder Instability 
Index, 642 
Whipple s sériés, 229 
Wound healing, 559 
Wound spread technique, 44 
Wrist arthroscopy, 219 
anatomy, 219 

arcuate limb shrinkage, 233/ 
arthrofibrosis, 227/ 
arthroscopic-assisted fixation 
distal radius, 243-247 
internai fixation, scaphoid, 247-253 
scaphoid fixation, 249/-250/ 
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arthroscopic distal scaphoid 
resection, 243/ 
trans-scaphoid perilunate 
fracture, 252/ 

arthroscopic dorsal radiocarpal 
ligament repair, 230-232 
arthroscopic wafer resection, 239/ 
arthroscopic wrist ganglionectomy, 
224-226 

arthroscopy/avascular necrosis, 224 
central TFCC tear, 235/ 
chondromalacia, view of, 240/ 
chondroplasty/loose bodies, 223-224 
distal radius malunion, arthroscopic- 

assisted osteotomy of, 246/'-247/ 
dorsal portai anatomy, 220/ 
dorsal radiocarpal ligament repair, 232/ 
dorsal wrist ganglion, 226/ 
dorsoulnar TFCC tear, 236/ 


interosseous ligament injuries, 228-230 
Kienbôck disease, staging of, 225/ 
lunotriquetral ligament, palmar tear 
of, 231/ 

methodology, 219 

DRUJ portais, 221-222 
midcarpal portais, 221 

3- /,4 portai, 219-220 

4- /,5 portai, 220 
arthroscopic forceps, 225/ 

6R, 6U portais, 220 
volar portais, 221 
midcarpal instability, 232-233 
1,2 portai, surface landmarks, 241/ 
proximal pôle of hamate resection, 240 
proximal row carpectomy, 241-242 
radial styloidectomy, 241 
radial styloid fracture, arthroscopic- 
assisted fixation, 244/ 


radial TFCC tear, 237/ 
scaphoid nonunion, distal scaphoid 
resection, 242-243 
scapholunate ligament 
palmar tear of, 229/ 
synovectomy, 223 
synovial biopsy, 223 
triangular fibrocartilage tears, 

233-240 

ulnar capsule, rheumatoid 
synovitis, 224/ 

VDRU portai, 238/ 
volar aspect of, 222 f 
volar radial (VR) portai, 231/ 
relative positions of, 221/ 
wrist contracture, arthroscopic release 
of, 226-228 
Wrist motion, 375 
flexion/extension, 414 


